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(54) Tide: APPARATUS AND METHOD FOR COMBINATORIAL RESEARCH FOR CATALYSTS AND POLYMERS 




r 

(57) Abstract 

A method and system for researching and developing and/or optimizing new catalysts and polymers in a combinatorial manner is 
disclosed. The method begins with starting components or a ligand library and provides methods of creating catalyst or ptoduct libraries, 
which are then tested in a reaction of interest. The system uses methods of robotic handling for moving libraries from station to station. 
The method and apparatus are especially useful for synthesizing, screening, and characterizing combinatorial catalyst libraries. 
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APPARATUS AND METHOD FOR COMBINATORIAL RESEARCH FOR CATALYSTS AND POLYMERS 

5 



10 

BACKGROUND 

Technical Field 

The present invention relates to the field of research for new catalysts or polymers or 
processes for making polymers. More particularly, this invention is directed toward an 
15 apparatus and method of performing homogeneous and supported homogeneous catalysis and 
related techniques for rapidly creating and testing catalyst libraries prepared by combinatorial 
techniques. This invention is also directed toward an apparatus and method for making 
polymers using combinatorial techniques. 

20 Discussion 

Combinatorial chemistry has revolutionized the process of drug discovery. See, for 
example, 29 Acc> Chem. Res. 1-170 (1996); 97 Chem. Rev. 349-509 (1997); S. Borman, 
Chem. Eng. News 43-62 (Feb. 24, 1997); A. M. Thayer, Chem. Eng. News 57-64 (Feb. 12, 
1996); N. Terret, 1 Drug Discovery Today 402 (1996)). Because of its success in eliminating 

25 the synthesis bottleneck in drag discovery, many researchers have come to narrowly view 
combinatorial methods as tools for creating structural diversity. Few researchers have 
emphasized that, during synthesis, variations in temperature, pressure, ionic strength, and 
other process conditions can strongly influence the resulting properties of library members. 
For example, reaction conditions are particularly important in formulation chemistry and 

30 polymer chemistry, where one combines a set of components under differmt reaction 
conditions or concentrations to determine their influence on product properties. 
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Recently, combinatorial approaches have been used for discovery programs unrelated 
to drugs. Combinatorial materials science generally refers to the methods for creating a 
collection of chemically diverse compounds or materials and to methods for rapidly testing or 
screening this library of compoimds or materials for desirable p^ormance characteristics and 

5 properties. For example, some researchers have recognized that combinatorial strategies o£fer 
promise for the discovery of inoi^anic compounds such as high-temperature superconductors, 
magnetoresistive materials, luminescent matmals, and catalytic materials. See, for example, 
co-pending U.S. patent application no. 08/327,513 *The Combinatorial Synthesis of Novd 
Materials" (pubUshed as WO 96/1 1878) and U.S. Patent 5,776,359, which are both herein 

10 incorporated by referratce. Compared to traditional discovery methods, combinatorial 
methods sharply reduce the costs associated with preparing and screening each candidate 
material. 

Some combinatorial research into catalysis and polym« fomuition has begun. See 
U.S. patent application no. 08/898,715 ''Combinatorial Synthesis and Analysis of 

15 Organometallic Compounds and Catalysts" (published as WO 98/03251). The following 

articles discuss one or more combinatorial techniques in conjunction with catalysis, and each 
are incorporated herein by reference: Srakan, Nature, vol 394, pp. 350-353 (July 23, 1998); 
Burgess et al., Angew. Chenu Int Ed. Eng., 1996, 35, No. 2, pp. 220-222; Maier et al., 
Angew. Chem. Int Ed Eng., 1998, 37, No. 19, pp. 2644-2647; Reetz et al., Angew. Chem. Int. 

20 Ed. Eng., 1998, 37, No. 19, pp. 2647-2650; Schlogl, Angew. Chem. Int. Ed. Eng., 1998, 37, 
No. 17, pp. 2333-2336; Moricen et al., Science, vol. 280, pp. 267-270 (April 10, 1998); and 
Gilbertson et al.. Tetrahedron Letters, vol. 37, no. 36, pp. 6475-6478 (1996). 

What is needed is a combinatorial method and apparatus for the research, discovery 
and development of catalysts and polymers. This invention advances the field by providing 

25 an entire system, beginning with a ligand library or a set of reactants and ending with screens 
for performance, vnih a variety of reaction and screening options. 



SUMMARY OF THE INVENTION 
30 This invention provides methods axid apparatus for performing the combinatorial 

synthesis of libraries and screening of those combinatorial libraries. This invoition gives 
tiiose of skill in the art a variety of synthesis and screening tedmiques so that a complete 

— 2 — 
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5 combinatorial discovery or optimization research and development program can be 

successfully implemented for many different reactions, including all types of polymerizations 
or small molecule catalysis. The broadest concept of the methodology is that a library is 
created that is screened for a property or compound of interest. The libraries that are created 
depend on the reaction of interest, but are typically either catalyst libraries or product 

10 libraries. This invention provides a number of embodiments for performing such synthesis 
and screening and the embodiments may be combined together. 

One embodiment of the present invention is a method and apparatus for researching 
for novel catalysts by starting with a ligand library that includes a plurality of manber 
ligands. In the ligand library (also referred to as a parent ligand library) each ligand member 

15 may have a conunon scaffold, but will vary in structural diversity. The ligand library may 
also include ligand members that have different scaffolds. The important point is that the 
ligand library includes ligand members that are different fix>m each other by either scaffold or 
structural diversity or both. Optionally, one or more daughter libraries are created from the 
parent ligand library by taking one or more aliquots from one or more member ligands in said 

20 ligand library. For example, each daughtw library may be considered to be a replica of the 
ligand library, but each daughter ligand memb» would be smaller than the parent ligand 
member in terms of dther volume or moles or mass. At least one metal precursor is added to 
at least a portion of the members of the ligand libraries or daughter libraries to create one or 
more catalyst libraries. The catalyst library is subjected to a reaction of interest. The reaction 

25 of interest may be a reaction that creates a product library. For example, if the reaction of 
interest is a polymerization reaction, a polymer library will be the result. Alternatively, the 
reaction of interest may be a screen for activity. The reaction of interest can have process 
conditions that are combinatorialized, such as varying amoimts of reactants or different 
conditions (such as time, temperature, pressure, atmosphere, etc.). The method optionally 

30 provides different screening stages, such as a primary screen to eliminate some manbers 
from a library from going on to a secondary screen. 

In another embodiment, mixtures of starting components (such as ligands, metal 
precursors, initiators, monomers, solvents, etc.) are combined in different ratios. A reaction 
of interest is performed under varying conditions to create a product array. This embodiment 

35 focuses on combinatorializing the conditions of the reaction of interest. Process conditions 
that may be combinatorialized include amoimts (volume, moles or mass) and ratios of starting 
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5 components, time for reaction, reaction temperature, reaction pressure, rate of starting 
component addition to the reaction, residence time (or product removal rate), reaction 
atmosphere, reaction stir rate and other conditions that those of skill in the art will recognize. 
The library that is created in this embodiment is a product library that is then screened for a 
property or compound of interest. Optionally, prior to screening, the product library is 

10 daughtered into one or more dau^ter product libraries. 

In addition, the two above embodimrats can be combined together. For example, this 
invention may be practiced in ord^ to discover a polymer of interest by free radical 
polymerization (e.g., a polymer having predetermined properties, such as molecular weight or 
particle size). The library of polymers (e.g., a product library) may be created by having 

15 diversity in the starting components used or by having diversity the reactions conditions (e.g., 
time, temperature, mixing speed, etc.). The polymer library is then tested to determine if a 
polymer of interest has been created using one of many diffarent r^id polymer 
characterization techniques. Thus, in this example, the screen may be the reaction, the 
polymer characterization or both. 

20 The embodiments of this methodology are combined into a fl^ble system that 

includes a numbw of different stations including one or more stations for combining starting 
materials, dau^tcring the libraries, performing the reactions of interest and screening the 
results of the process. The Systran includes a control system that controls, monitors and 
directs the activities of tiie system so that a user may design an entire series of experiments by 

25 inputting library design, screming or data manipulation criteria. 

Those of skill in the art will appreciate the variety of methods for creating divwsity in 
the libraries of fliis invention. The screens that are provided to determine if the divea^ity has 
produced a product of interest complete the research and development methodology. 

A further undorstanding of the nature and advantages of the present invention may be 

30 realized by reference to the rranaining portions of the specification and the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1 A and IB show a generic ligand having a scaffold and stractural diversity 
35 and a ligand library, respectively. 



4- 



4S0OCIO: <WO_0040331A1_L> 



wo 00/40331 PCT/USOO/00418 



5 Figure 2 is a flowchart depicting an overall method for one embodiment of the 

invention. 

Figure 3 is a cut-away perspective illustration of a glass lined parallel batch reactor 
useful in this invention. 

Figure 4 is a block diagram illustration of rapid molecular weight light scattering _ 
10 characterization equipment that was used in the Example. 

Figure 5 is block diagram illustration of an overall method and apparatus of ^ 
invention. 

Figure 6 includes Figures 6A-6C and shows details of a library storage rack and plate 
system useful in this invention. 
15 Figure 7 is a partial view of one embodiment of the apparatus of this invention. 

DETAILED DESCRIPTION 

There are two principal features to tills invention: (I ) creating a library having 
20 diversity and (2) sa:e«iing that library for a property or compound of interrat A library in 
this invention has either chemical diversity or process diversity. Chemical diversity refers to 
a library having members that vary in atoms or molecules. Process diversity refers to a 
library having memb^ that may have begun with the same atoms or molecules, but with . 
members that have been subjected to different processing conditions and are different as a 
25 result of those different processing conditions. Different processing conditions include 
varying amounts (volume, moles or mass) and ratios of starting components, time for 
reaction, reaction temperature, reaction pressure, rate of starting component addition to the 
reaction, residence time (or product removal rate), reaction atmosph^e, mixing or stir rate 
and other conditions that those of skill in the art will recognize. It is through the creation of 
30 libraries having diversity and the screening of that diversity for a property or compound of 
interest that a complete combinatorial research and development program may be undertaken 
for homogeneous catalysis or supported homogeneous catalysis or initiated polymerization 
reactions. 

In one embodiment, this invention is directed to rapid creation and testing of novel 
35 catalysts, but offers significant advantages over conventional experimental methods and 
systems. For example, the present invention allows for automated parallel catalyst creation 
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5 and screening of multiple synthetic routes to targeted catalysts, thereby saving time and 
conserving valuable reactants in determining appropriate catalysts for catalyzing a pre- 
selected reaction* This invention also provides a variety of sheening options, allowing for 
flexibility in choosing the appropriate reaction flow and conditions for a reaction of interest • 
For example, if a coordination polymerization reaction is the reaction of interest, this 

10 inv^tion provides the method and apparatus for the synthesis of organometallic complex 
libraries by a variety of routes that may be catalysts. Optional activation of those 
organometallic complexes into catalysts is included. After the catalyst libraries are prepared 
the invention provides for screeaing of the catalyst libraries. Screwing may be in, for 
example, a parallel polymerization reactor that provides detailed information about catalytic 

15 activity und^ a variety of reaction options and conditions, including monomer and 

comonomer dioice, solvent, pressure, temperature, stirring rate, volume, stoidiiometric 
relationships and ord^ of addition of chemicals. Thus, one may chose to "combinatorialize" 
the polymmzation reaction conditions for a single catalyst library. Optional steps in this 
example coordination polymerization combinatorial process include a primary screen prior to 

20 sore^iing in the parallel polymerization reactor. A primary screen may, for example, 

comprise an optical screen und^ polymerization conditions that simply determines which 
members of the catalyst library have any activity. Anotiier optional step is to further 
characterize the resultant polymers formed in the parallel polymerization reactor. Sudb 
further screening may anploy a rapid liquid chromatography and/or light scattering system, 

25 such as those described in U.S. Provisional Application No. 60/080,652, filed April 3, 1998, 
which is incorporated herein by reference. Such a further screen may also determine the 
physical or melt flow properties of the resultant polymers, such as with a sensor-array based 
system such as is disclosed in U.S. Patent Application No. 09/210,485, filed December 1 1, 
1 998, which is incorporated herein by reference. 

30 Thus, the flexibility of this invention can be seen by those of skill in the art fixjm the 

variety of options that a complete system offers, including choosing starting components 
(e.g., ligands and metal precursors), choosing reaction or coordination routes for the creation 
of catalyst libraries, choosing scre^iing reactors and reaction conditions and choosing 
characterization methods and apparatus. 

35 In other embodiments, this invention discloses methods for rapidly forming polymer 

product libraries firom at least an initiator and a monomo:. A variety of monomers and 
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5 initiators can be chosen, along with other polymerization additives, such as solvents, co- 
initiators, modifiers, surfactants, etc. Those of skill in the art know of such additives. A 
parallel reactor is used for the reaction and the parallel reactor may have intemal sensing 
capabilities providing real time property characterization for certain properties, such as 
viscosity. The parallel reactor may also provide the ability to vary reaction conditions fix>m 

10 one reactor vessel to another so that the polymerization conditions may be combinatorialized. 
The polymer libraries may then be further characterized using rapid polymer characterization 
techniques. Thus again, the flexibility of this invention can be seen by those of skill in the art 
fi-om the variety of options that a complete system offers, including choosing initiators, 
choosing monomers, choosing methods and conditions of reaction for the creation of polymer 

15 libraries, and choosing characterization methods and apparatus. In this manner a complete 
combinatorial polymer discovery or optimization research and development program may be 
undertaken. 

As discussed herein there are three fundamental types of libraries: a ligand library, a 
catalyst library and a product library. The three types of libraries may or may not be used in 

20 the same embodiment of the invention. 

A ligand library is a library comprised of member ligands. Typically, a ligand library 
has chemical diversity. As used herein, chemical diversity within the ligand library is divided 
up betwem a variety of scaffolds and structural diversity elements. Referring to Figure 1 Ai 
member ligands 100 of the ligand library 10 include a scaffold 120, which those of skill in the 

25 art may also refer to as a backbone. There is at least one scaffold in a parent ligand library. 
However, there may be 2, 3, 4, 5 or more different scaffolds in a ligand library. The number 
of scaffolds will depend on how the library was formed or how the library was stored. If, for 
example, ligands from different ligand synthesis procedures were stored together as a single 
library, the ligand library will be the result of this combination and any number of desired 

30 ligand scaffolds may be included in the ligand library. 

Also, there is a plurality of different ligands in a ligand library. Thus, if there is one 
scaffold there are typically at least four or five different structural diversity elements off of 
the scaffold. Referring to Figure 1 A, the structural diversity elements 140 are shown as R 
groups. The member ligands in the ligand library are typically stored or provided in a 

35 spatially addressable format, meaning that each ligand is separated from the oth«s. 

However, pooled ligand libraries may also be used if catalytic activity can be separated to 
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5 detennine which catalyst caused certain observed activity, such as with a tagging or coding 
technique. See, e.g., U.S. Application No. 09/033,207, filed March 2, 1998, which is 
incorporated herein by reference. 

Thus, the Ugand library 10, shown in Figure IB, may include ligand members having 
one scaffold in different colxmms, B 1, B2, etc. along the B direction and may have differing 

10 structural diversity in different rows Al , A2, etc. along the A direction. In one embodiment 
of the present invention, the ligand library 10 is made up of a plurality of member ligands 100 
that have a common scaffold with each member ligand being stmcturally diverse, as 
represented by the different positioning of R-groups 140 on scaffold 120 in Figure 1 A. In 
that embodiment, using the representation in Figure IB, only one column, e.g., Bl, would be 

15 present in the patent library. In anothar embodimrat, the ligand library is made up of member 
ligands having differoit scaffolds, wherein the ligand members in a scaffold group are 
stmcturally diverse, meaning Bl, B2, B3, etc. are present in the ligand library. Of course, the 
ligand library may also include standards, blanks, controls or other membos that are present 
for other reasons. Also, the ligand library may have two or more members that are identical 

20 as a redundanQT option or whexi reaction conditions are to be combinatorialized. The member 
ligands of the ligand library are preferably solids so that the ligand library may be easily 
stored, however, &e ligand libraries may also be stored in solution. Whai a solid phase 
stored ligand library is going to be used to create catalyst libraries, the solid member ligands 
may be dissolved in a suitable solvent. 

25 There are many possible example ligand libraries. SevoiBl ligand libraries have been 

described in detail in copCTding, conomonly assigned U.S. patent applications, including U.S. 
Application No. 09/037,162, filed March 9, 1998; U.S. AppUcation No. 09/119,318, filed 
July 20, 1998; U.S. Application No. 09/062,128, filed April 17, 1998; U.S. Application No. 
09/168,772, filed October 8, 1998; and U.S. AppUcation No. 09/146,206, filed September 2, 

30 1 998. Each of these applications is incorporated herein by refer«ice for all purposes. 

The ligand library may be created by combinatorial chemistry methods similar to 
those that are described in co-pending U.S. patent application no. 08/327,513 *The 
Combinatorial Synthesis of Novel Materials" (published as WO 96/1 1878) and co-pmding 
U.S. patent j^pUcation no. 08/898,715 "Combinatorial Synthesis and Analysis of 

35 Organometallic Compounds and Catalysts" (published as WO 98/03251), which are both 
herein incorporated by reference. Others have disclosed methods for preparing enormous 

— 8 — 
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5 libraries of ligands. See for example U.S. Patents 5,143,854, 5,424,186 and 5,288,514 and 
WO 92/10092, each of which are incorporated herein by reference. The method of synthesis 
of a parent ligand library is not critical to this invention. Indeed in some embodiments, 
ligand libraries may be purchased. One or more ligand libraries may be stored and retrieved 
from a storage rack for transfer to either the daughtering station or a diluting station or a 

10 dissolution station, as discussed below. Such retrieval and transfio: to another station may be 
automated using known automation techniques, such as those disclosed in WO 98/40159, 
incorporated herein by reference. Robotic apparatus is commercially available, for example 
from Cavro, Tecan, Robbins, Labman, Bohdan or Packard, which are companies that those of 
skill in the art will recognize. 

15 One option for the creation of the ligand library is shown in Figure 2. Ligand 

precursors 20 are formed into a parent ligand library 10. The parent ligand library 10 is 
initially tested at a preliminary testing station 30 to determine if the desired ligand memb^s ' 
have been synthesized successfully. There may be bulk manufacturing 40 and bulk storage 
50 of the parent ligand library, so that each member is made in greater quantities and 

20 optionally stored for friture multiple testing of flie same parent library ligand members in 
difF^ent reactions of interest or und^ different reactions conditions or for combining with 
different metal precursors or activators or modifiers. In embodiments using bulk manu&cture 
and storage, the ligand membm in the ligand library may be in solid form. The solid ligand ' 
members are typically dissolved or diluted in a suitable solvent in a dissolution or dilution 

25 step 60 to provide the parent ligand library 1 0 with member ligands 1 00 in a liquid form at 
point 70 in Figure 2. Dilution or dissolution may be manual or automatic, such as with 
known liquid handling robots. Other processing conditions of dissolution or dilution may 
also be controlled, such as using a glove box for an inert atmosphere during dilution or 
dissolution. The temperature of the operation may also be controlled by providing a 

30 heating/cooling block, such as that disclosed in commonly assigned U.S. Application 09/ , 

filed November 19, 1998 (having attorney docket no. 65304-014) and incorporated herein by 
reference. In other embodiments, the ligand library is provided in a liqmd form, for example 
with each ligand stored in a separate vial. In those embodiments, the parent ligand membCTS 
may be stored in a vial having a septum that can be penetrated by a needle that may be on a 

35 robotic arm of known liquid handling robots. Optionally, as shown in Figure 2 also, the bulk 
steps or storage can be eliminated so that the parent ligand library 10 goes directly from 
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5 synthesis to point 70 in Figure 2. 

The next type of library is a catalyst library, which is a collection of potentially 
catalytic compounds or compositions. The memb«s are potentially catalytic deprading on 
the reaction of interest, i.e., a member may be active in one reaction of interest, but inactive in 
a different reaction of interest. The catalyst library is formed fix)m the combination of ligands 

10 and metals. The catalyst library may be formed from the combination of a ligand libraiy and a 
metal precursor. In other embodiments, the catalyst library is fonned from the combination 
of a metal precursor library and a ligand. For example, combining comfnises adding at least 
one ligand member from the ligand library to at least one metal precursor. Mote typically, at 
least four ligand members, at least 10 ligand members, at least 25 ligand members, at least 50 

15 ligand members or at least 96 ligand monbers are provided that are each combined with at 
least one metal precursor. Also for example, combining comprises adding at least one metal 
precuraor memh&t from a metal precursor library to at least one ligand. 

There are a numbo* of methods for combining metal precursors with the ligand 
members of the library. In some onbodhnents, the same metal precursor is added to the 

20 ligand rtiembas (whether the members have different scaffolds or not) or different metal 
precursors are added to differmt ligand library monbers. In ottier embodiments, a different 
metal precursor is combined with eadi monber li^d having a different scaffold such that 
the number of diffoent metal precursors is equal to the numbra- of different scaffolds. In still 
other embodimrait, dififemit metal precursors are added to ligand memb«s having different 

25 structural diversity el«nents. Combining diffract metal precursors with different ligand 

library members provides the opportunity to try diffarent routes for the formation of the same 
or similar metal-ligand complexes or compositions. In other embodimaits, the ligand 
mranbCTs will be mixed with a suitable metal precursor prior to or simultaneous with allowing 
the mixture to be contacted to the reactants in the next library or testing phase of the 

30 invaition. Whoi the ligand member is mixed with the metal precursor, a metal-ligand 
complex may be formed, which may be a catalyst. 

precuraors may take the form of a mrtal atom, ion, compound or ofli« metal 
pre&irsor compound. In some embodimoits, the member ligands may be combined with a 
metal precursor and the product of sudi combination is not detoinined, if a product forms at 

35 all. For example, the ligand member may be added to a reaction vessel at the same time as 
the metal or metal precursor compound along with additional reactants in the reaction of 

— 10 — 
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5 interest. As such, the result of the combination is not determined. The metal precursors may 
be characterized by the general formula M(L)„ where M is a metal selected from the group 
consisting of Groups 3, 4, 5, 6, 7, 8, 9, 10, 1 1, 12, 13 and 14 of the Periodic Table of 
Elements. Specific metals include Sc, Y, La, Ti, Zr, Hf, C, Nb, Ta, Cr, Mo, W, Mn, Re, Fe, 
Ru, Os, Co, Rh, It, Ni, Pd, Pt, Cu, Ag, Au, Zn, Cd, Al, In, Tl and Sn. L is a metal-ligand 
10 chosen from the group consisting of halide, alkyl, substituted alkyl, <^cloalkyl, substituted 
cycloalkyl, heterocycloalkyl, substituted hetorocycloalkyl, aryl, substituted aryl, heteroaryl, 
substituted heteroaryl, alkoxy, aryloxy, hydroxy, boryl, silyl, hydrido, thio, seleno, 
phosphino, amino, and combinations thereof. When L is charged, L is selected from the 
group consisting of hydrogen, halogens, alkyl, substituted alkyl, cycloalkyl, substituted 
15 cycloalkyl, heteroalkyl, heterocycloalkyl, substituted heterocycloalkyl, aiyl, substituted aryl, 
heteroaryl, substituted heteroaryl, alkoxy, aryloxy, acetoxy, silyl, boryl, phosphino, amino, , 
thio, seleno, and combinations thereof. When L is neutral, L is selected from the group 
consisting of carbon monoxide, isocyanide, dibrazyUdeneacetone, nitrous oxide, PA3, NAj," 
OA2, SA2, SeAj, and combinations thereof, wherein each A is independently selected fitmi a 
20 group consisting of alkyl, substituted alkyl, heteroalkyl, cycloalkyl, substituted cycloalkyl, 
heteroQfcloalkyl, substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl, substituted 
heteroaryl, alkoxy, aryloxy, silyl, and amino. The ligand to metal precursor ratio is 
determined by the research program of interest, and for example may be in the range of about 
0.01:1 to about 100:1, or more specifically in the range of about 0.5:1 to about 20:1. 
25 Depending on the ligand library, it may be necessary to additionally combine a ligand 

modifier 208 with member ligands 202 of the ligand libraries, as shown in Figure 2. If there 
are different ligand modifiers 208, they may be in a ligand modifier library 210 and may be 
added to the ligand libraries 200 at the same time as the metal precursor(s) or prior to serve to 
produce modified ligand libraries before combining the ligand members with the metal 
30 precursors to achieve the desired target catalysts. The purpose of a ligand modifier is to allow 
or assist the ligand to coordinate to or bond with a metal atom, ion or precursor. The ligand 
modifier is generally a deprotonation agent that modifies the ligand at the position(s) where 
the ligand coordinates to or bonds with the metal atom, ion or precursor. Ligand modifiers 
include deprotonafing agents such as alkyl lithium compounds (such as methyl lithium or 
35 butyl lithium) and lithium diisopropyl amine. Those of skill in the art know many ligand 
modifiers that are usefiil in this invention. 
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5 Another option in forming the catalyst libraries is to provide an activator. When there 

is more than one activator, the activators may be provided in an activator library 214. The 
activator or activating technique includes the use alumoxanes, strong Lewis acids, compatible 
noninterfering activators and combinations of the foregoing. The foregoing activators have 
been taught for use witti metal complexes in the following references, which are herd^y 

10 incorporated by reference in their entirety: U.S. Patents 5,599,761, 5,616,664, 5,453,410, 
5,153,157, 5,064,802 and EP-A-277,004. 

There are a number of methods for combining the ligand modifiers or activators with 
the ligand libraries and metal precursors. In some embodiments, the same ligand modifiers or 
activators are added to the mraibers of the daughter library (wheth^ the m«ibers have 

15 different scaffolds or not) with the metal precursor. Alternatively, different ligand modifiers 
or activators are added to different ligand libraries. In otiher embodiments, a different ligand 
modifier or activator is combined with each member ligand in the ligand libraries having a 
diffopent scaffold such that the numbo: of different ligand modifiers or activators is equal to 
the number of dififorent scaffolds for each member ligand. In still other embodimmt, 

20 diS&cmt ligand modifiers or activators are added to daughter library memb«s having 

different structural diversity elements. Combining diflFerent ligand modifiers or activators 
witii different ligand members provides the opportunity to try different routes to the 
formation of the same or similar catalyst libraries. 

Thus, combining ligands, metal precursors, optionally ligand modifiers and optionally 

25 activators (or activating techniques) provides those of skill in the art powerfiil options for 
following differait chemical routes for the formation of the same or a similar catalyst. The 
use of different chemical routes to the same or similar catalyst in combinatorial materials 
science may minimize the chances of missing an active catalyst for a reaction of interest. One 
specific example of the use of different chemical routes for formation of the same or similar 

30 polymerization catalysts is in the field of cationic metallocaie catalysts stabilized by 
compatible anions (see e.g., U.S. Patent No. 5,599,761 or 5,817,849, botii of which are 
incorporated herein by reference). One route to the formation of such catalysts is through the 
use of ion exchange activators. A second route is through the use of Lewis Acids. A fiurd 
route is through the use of oxidative activators. The result of each route is an active catalyst 

35 having substantially the same structure, which produces substantially the same result und^ 
similar polymerization conditions. 



wo 00/40331 PCTAJSOO/00418 



5 A third type of library is a product library. A product library is the result of running a 

reaction of interest Starting components are added to a reactor and a reaction of interest is 
run to form the product members of the product library, A product library obtains its 
diversity either by chemical diversity in the starting components or by process diversity or 
both and both types of diversity are discussed above. Thus, a product library may be the 
10 result of testing a catalyst library in a reaction of interest run under the same or different 
process conditions. A product library also may be the result of beginning with the same 
starting components and testing those components under different processing conditions. 
Specifically not within the scope of this invention is the formation of product libraries having 
members that are biological polymers, such as polymers made fiiom alpha amino acids and 
15 nucleotides. Examples of polymers that may be members of a product library include 
homopolymers, copolymers or higher order polymers like polyethylenes, polyurethanes, 
polyesters, polycarbonates, polyacetates, polystyrenes, polyamides, and the like. 

Starting componmts for forming a product library are those components needed for ^^ 
performing the reaction of interest Reactions ofinterest include those selected firom the 
20 group consisting of caibonylation, hydroformylation, hydroxycarbonylation, 
hydrocaxfoonylation, hydroesterification, hydrogenation, transfer hydrogenation, 
hydiosilylation, hydroboration, hydroamination, epoxidation, aziridination, reductive 
amination, aryl amination, polymerization, oligomerization, C-H activation, insertion, C-H^ 
activation*insation, C-H activation-substitution, C-halogen activation, C-halogen activation- 
25 insertion, C-halogen activation-substitution, cyclopropanation, alkene metathesis, and alkyne 
metatesis. Those of skill in the art know what starting components are needed for each of 
these types of reactions. 

Starting components include catalysts, ligands, metal precursors, ligand modifiers and 
activators as discussed above. Starting components also include monomers, solvents, 
30 initiators, scavengers and surfactants/emulsifiers. Starting components that are monomers 
that have at least one addition-polymerizable xmsaturated bond, including olefins, diolefins, 
allyl esters, vinyl ethers, vinyl esters, vinyl heterocyclic compounds, stryrenes, halogenated 
olefins, crotonic acids, vinyl ketones, itaconic acids and esters, unsaturated nitriles, acrylic or 
methacrylic acids and esters, acrylamides and methacrylamides and combinations thereof 
35 (see, e.g., U. S. Patent No. 5,244,763, incorporated herein by reference). Example of solvents 
include polar and non-polar solvents and ionic solvents and may include alkanes, heterocyclic 
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5 compoxmds, chlorinated compounds, water, and combinations thereof. Surfactants may be 
cationic, anionic, zwitterionic or non-ionic, including combinations thereofl Initiators may 
initiate a cationic, anionic or free radical reaction, and include inorganic salts, peroxy 
compounds and the like (see, e.g., U.S. Patent No. 5,594,047, which is incoiporated herein by 
reference). For example, for coordination polymerization, the starting ntiaterials include 
10 monomers, solvit, catalyst libraries (eidiv activated or not) and scavengers. Also for 
example, for a free radical polymerization, the starting components comprise at least an 
initiator and a monomer. Other starting components include co-initiator, co-monomers, 
solvents, surfrtctants, emulsifiers or otho: additives. In forming a product library, the starting 
materials may be varied with respect to each oth^ in terms of volume, moles or mass. In 
15 varying the starting materials, the types of ratios that can be varied include monom^ to 
initiator; monomer A to monomer B; solvent to monomer; surfitctant to initiator; catalyst to 
activator, and combinations thereof. 

The product library has difiTermt mmibers possibly as the result of combinatorializing 
the process variables in the reaction of interest. Process variables that may be 
20 combinatorialized include the amounts (volume, moles or mass) and ratios of starting 

components, time for reaction, reaction temperature, reaction pressure, rate and/or method of 
starting component addition to the reaction (or reactor), residence time (i.e., rate and/or 
method of product removal from the reaction or reactor), reaction stir rate and/or method, 
reaction kill rate and/or method, reaction atmosphere and other conditions that those of skill 
25 in the art will recognize. The product libraries are created using one of the parallel reactors 
discussed below, including the parallel solution reactor, the continuous feed reactor, the 
multi-temperature reaptor block, the parallel batch reactor or another parallel reactor that may 
be known such as in U.S. Patent No. 4,099,923, which is incorporated herein by reference. 

Therefore, those of skill in the art will appreciate the vast number of difFerait possible 
30 combinations of ligands, metal precursors, modifiers, activators or other starting components 
that may be combined together to form the catalyst libraries. In addition, this combination 
methodology may be combined with combinatorializing of various reaction conditions, 
including different starting component ratios, different temperatures, solvents, pressures, 
mixing rates, times, order of addition of chemicals or atmospheres to form vastly differmt 
35 product libraries. For example a multiple temperature reactor block, such as discussed below, 
may be used to provide different tCTiperature and pressure options. Also optionally, the 
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5 combining of ligands 202, metal precursors 204, modifiers 208 or activators 212 may take 
place in the reactor being used for the reaction of interest Combining may be done just 
before the reaction of interest or may be done well before the reaction of interest. 

In the methodology of this invention, a library is screened for a property or compound 
of interest. Depending on the embodiment being practiced, the screen may look for the 
10 existence of a particular compound or for a particular property. For example, when free 

radical polymerization is the reaction of interest, the screen may look for molecular weight or 
particle size. Also for example, when aryl amination is the reaction of interest, the screen 
may look for the amine that the reaction is intended to form. The screaiing may take place as 
the reaction of interest is being performed. As used herein, "screening** refers to testing a 
1 5 library for one or more properties or compounds or materials. Also as used herein, "reaction" 
refers to a chemical traiisfonnation (e.g., ainination or polymerization). A screen may be 
combined with a reaction of interest, but the two may also be separate. For example, 
polymerization reactions performed in stirred tank parallel polymerization reactors are both a 
reaction and a screen because a polymerization reaction is performed and catalyst activity can 
20 be monitored by gas monomer uptake or by temperature increase or by an in-reactor sensor or 
by lag in a stirr^, providing testing of the properties of the catalyst or polymer. Also for 
example, a polymerization reaction performed in a batch reactor block would be considered 
to be only a reaction of interest if there is no monitoring as the reaction is proceeding. Also 
for example, nuclear magnetic resonance (NMR) or gas chromatography (GC) and mass 
25 spectrometry (MS) are only screens because they determine the results of the reaction of 
interest, which was performed in a separate reactor. 

Each of the three types of libraries may be stored in a Uquid or solid state and 
retrieved from storage for combining, daughtering, running in the reaction of interest or 
screening or combinations thereof Libraries are preferably stored in a storage rack that holds 
30 the libraries sq>arately from each other. Libraries may be retrieved from storage either 
manually or automatically, using known automated robots. Specific robots usefiil for 
retrieving such stored libraries include systems such as those marketed by Aurora Biosciences 
or other known robotic vendors. If the libraries are stored in the solid phase, the members 
typically require dissolution, which is performed at a dissolution station, which may be the 
35 combining station (discussed below) or may be in addition to the combining station. A 

dilution station is a location where the library members are dissolved in a suitable solvent for 
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5 use in either the reaction of interest or in a screen. 

Also, each of these types of libraries may be daughtered into one or more daughter 
ligand libraries, daughter catalyst libraries or daughter product libraries, respectively* A 
daughter library is created from the parent library at a daughtering station by taking one or 
more aliquots from one or more members in the parent library, wherein an aliquot is a 
10 definite firaction of a whole. This process is referred to as "daughtoing.** Literally, a liquid 
pipette, operated either manually or automatically (e.g., robotically), draws a bit of a member 
from the parent library and dispenses that aliquot into anodier container to give a daughter 
library member. A limited number of membors of the parent library may be daughtered or all 
the members may be daughtered at least once to create one daughter libraxy. Thus, a daughter 
15 library may be smaller than the parent library in terais of either mass, volume or moles and/or 
in terms of tiie number of members. In other embodiments, the members of the parent library 
are maintained in a solid form. During the daughtering process known solid handling 
equipment and me&ods are used to take the aliquot from the parmt library to created the 
daughter library, which will have members that are also solids. Thereafter, it may be 
20 necessary to dissolve the members of the daughter libraries in a solvent Dau^tering is 

performed in order to provide multiple libraries for multiple reactions of interest or multiple 
screCTS without having to recreate the parent library. 

Optionally a filtaing station is provided, which is preferably a parallel filtmng 
station. The filtering station is usefiil to filter off solid phase agents or products Srom liquid 
25 products or precursors. For example, in some embodiments the metal precursors will be 
provided in solid-phase form, such as the solid phase metal delivery agents disclosed in 
commonly assigned U.S. Patent Application No. 09/025,841, filed February 19, 1998, 
incorporated herein by reference. The solid-phase metal precursors allow for synthesis of the 
catalyst libraries in the solution phase and then filtaing off the solid-phase metal precursor. 
30 A filtering station provides for ease in the synthesis of the catalyst libraries or the ligand 

libraries. The ligands, metal precursors, ligand modifiers or activators may be provided in the 
solid phase (e.g., on a bead or other support) allowing for ease in ligand or catalyst 
preparation. Solid phase combinatorial synthesis of ligands is well known. See, e.g., Ellman 
et al., "Solid-Phase Synthesis: Applications to Combinatorial Libraries", Aimu. Rq). Med. 
35 Chem., 1996, 31, pp. 309-318; Rees et al. "Solid-Phase Organic Reactions: A review of the 
Recent Literature", Tetrahedron, Vo. 52, No. 13, pp. 4527-4554, 1996; and Kaldor and 
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5 Siegel, "Combinatorial chemistry using polymer-supported reagents". Currents Opinion in 
Chemical Biology^ 1997, 1 : 101-106; each of which are incorporated herein by reference. 
Solid phase agents or reagents in association with combining generally allows for the use of 
excess agents or reagents, ease of purification or work-up and automating the process. 

Reactions of interest may be performed in a parallel reactor chamber or a paralleL ^ 
10 reactor block. Looking first at reactors that also contain screening capabilities, parallel 
reactors that are usefiil with this invention include a parallel solution reactor with internal 
sensing as disclosed in U.S. Patent Application No. 09/177,170, filed October 22, 1998 and 
its improved version, U.S. Patent Application No. 09/21 1,982, filed December 14, 1998 
(having attorney docket no. 6S304-0S9). This reactor includes internal sensing and thus is 
15 also a screen. This parallel reactor allows for the variation of several different processing 
conditions, and therefore allows one to combinatorialize reaction conditions or process 
variables. For example, a mechanical resonator (e.g., a tuning fork) may be the sensor that 
detects product, compound, reactant or reaction properties. In another embodiment the 
parallel reactor may be a closed chamber with a tuning fork in the reactor, as disclosed in 
20 U.S. Patent Application No. 08/946,921, filed October 8, 1997, which is incorporated haein 
by reference (published as WO 98/15501, which is also incorporated herdn by reference). 

Anothtf parallel reactor that also includes screening capability is an optical screen, 
using infirared (IR) thermography or Fourier Transform Infirared (FTIR) spectroscopy or 
visible light or other optical viewing as disclosed in copending U.S. Patent Application 
25 08/946,135, filed October 7, 1997, (published as WO 98/15815) or in copending U.S. Patent 
Application 08/947,085, and filed October 8, 1997, (pubUshed as WO 98/15805). These 
applications are incorporated herein by reference. Using an optical technique typically entails 
inserting the starting matCTials (e.g., catalyst library member with reactants or initiator with 
monomer) in an array format into a chamber (for example, a vacuum chamber or a chamber 
30 pressurized with reactant monomer or a chamber pressurized with an inert gas). The reaction 
of interest is performed in parallel in the chamber using a plate having multiple wells for the 
catalyst members or starting materials for the product members (such as a microtiter plate, for 
example). The chamber has a window that is invisible to the optical camera (e.g., calcium 
fluoride or saphire crystal for an IR camera). As the reaction of interest is carried out, the 
35 optical camera monitors the reaction with active catalyst or polymer members meeting a 
specified property or characteristic. Alternatively, for example, a dye may be inserted into 
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5 the reactor vessel array and the camera may monitor a color change. Also for example, an IR 
camera may monitor heat of reaction for exotheraiic reactions. 

Another reactor/screen is related to thin layer chromatography (*TLC"), as described 
more fully m U.S. Patent Application No. 09/149,586, filed September 8, 1998, mtitled 
"Sampling and Analysis of Reactions by Trapping Reaction Components on a Sorbent," 

10 incorporated herein by reference. In TLC sareening, a reactant is added to the members of flie 
catalyst library, thereby causing a reaction. A thin layer of sorbent is disposed on the plate, 
so as to cover tiie wells containing the catalysts. Vapor product resulting from the reactions 
thm contacts the soibent in disorete areas (heating may be necessary). In some cases, visual 
inspection is sufficient to determine active catalysts. But, a use of a commercially available 

15 florescent indicator reagent may be sprayed onto the sorbent, with the sorbait being exposed 
to ultra-violent light. A charge-coupled device camera or spectrum analyzer thai ciqptures 
intmsity readings of the products on the sorboit to indicate which particular catalysts are 
desirable for those reactions. 

Turning to reactors that do not include screwing, o&er parallel reactors useful in this 

20 invCTtion include a multi-temperature parallel reactor as disclosed in U,S. Patent Application 
No. 09/417,125 filed November 19, 1998 (having attorney docket no. 65304-014) and a 
continuous feed parallel reactor as disclosed in U.S. Patent Application No. 09/205,071, filed 
DecCTiber 4, 1998 (having attorney docket no. 98-32). These applications are incorporated 
herein by referrace. These reactors typically include the ability to combinatorialize certain 

25 process variables, such as temperature, time, feed rate, mixing rate, etc. Of course, the 
reactants, catalysts, mitiators, etc. can also be modified or combined in different amounts 
(different moles, volume or mass). Another parallel reactor useful in this invention is a 
parallel batch reactor. Such a reactor is shown in Figure 3. Figure 3 shows a batch reactor 
300 having a reactor block 302 with a plurality of wells 304 for receiving a plurality of 

30 reactor vessels 306. To seal the reactor vessels 304, a sheet 308 is placed over the top lip of 
the plurality of reactor vessels 306 and a top plate 3 10 is fastened to the reactor block 302. 
Fastening may be by bolts, clips, clamps, wing nuts or othw fiistening methods known to 
those of skill in the art. Bolts 312 are shown in Figure 3 as the fastening method and the bolts 
3 12 are sarewed into threads drilled into the reactor block 302. Materials usefiil as the reactor 

35 block and top plate include aluminum, steel or other mrtals, wifli aluminum being preferred 
for its thermal transfer properties. The reactor vessels 306 may be plastic or glass, with glass 
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5 being preferred. The sheet 308 is typically made from a material that is chemically resistant 
to the reaction of interest taking place in the reactor vessels as well as being elastic for its 
sealing properties. The sheet 308 may be selected from the group consisting of Teflon®, 
silicone rubber, Vitron®, Kahez® or equivalents. Parallel batch reactors of this type are 
useful for the reactions of interest discussed above, and may be heated. Mixing/stirring balls 
10 may be added to the parallel batch reactor, which may then be placed on a rocking or rotating 
plate fixed with a heating element for mixing and heatmg the reaction contents. 
Alternatively, magnetic stirrers may be placed in the vessels and the reactor block may be 
placed on a heater/stirrer plate to afford agitation and heating. Known liquid-handling robots 
may be used to dispense reactants, etc. into the batch parallel reactors, but manual dispensing 
15 may also be used. 

Screens may be performed after the reaction of interest has taken place. Such screens 
are typically for a property or a chemical of interest. In addition to the screens discussed 
above, screens include solid-phase staining, as disclosed in U.S. Patent Application No. 
09/067,448, filed April 27, 1998, which is incorporated herein by reference. Solid-phase 
20 staining uses stains to determine if a desired chemical transformation has taken place by 

dther observing a color change or the lack of a color change in a dye that is inserted into the 
reaction of interest. Parallel TLC may also be used as a screm in this invmtion, as disclosed 
in U.S. Patent Application No. 09/062,128, filed April 17, 1998, which is incorporated herein 
by reference. A depolarized light scattering array may screen the reactiot^ of interest in an 
25 apparatus and method disclosed in U.S. Patent Application No. 09/174,986, filed October 19, 
1998, which is incorporated herein by reference. Also, rapid thermal analysis, using a sensor 
array may be used, as disclosed in U.S. Patent Application No. 09/210,485, filed December 
1 1 , 1 998 (having attorney docket no 65304-039), which is incorporated herein by reference. 
Those of skill in the art will recognize that NMR, GC/mass spectrometry, and LC/mass 
30 spectrometry, which are commercially available, may also be used for screening product 
libraries. Finally, rapid polymer characterization techniques may be used, as discussed in 
U.S. Provisional Patent Application No. 60/080,652, which is incorporated herein by 
reference. 

One method and system disclosed herein utilizes a parent ligand library having a 
35 plurality of member ligands as an initial starting point in generating one or more catalyst 

libraries. In some embodiments, an important feature of the parent ligand library is chemical 
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5 diversity within the library. This invention will allow such chemically diverse ligand species 
to be tested parallel. In otha: embodiments, a single or few ligands will be used repeatedly in 
a variety of reactions under a variety of conditions for optimization of a reaction with a 
particular catalyst. W^th the parent ligand library provided, the next step is optional and 
entails forming one or more daughter libraries 200 from the parent library 10, as shown in 

10 Figure 2. Literally, a liquid pipette, operated either manually or automatically (e.g., 

robotically), draws a bit of liquid member ligand 100 from the ligand library 10 at point 70 
and dispenses that aliquot into anotho: container to give a daughter library member ligand 
202. Point 70 in Figure 2 can be considered a daughteringstatioiL In accord with this 
invention, a portion of tiiie ligand library 1 0 may be daughtared at least once to create one 

1 5 daughter library 200. Thus, creation of the one or more daughter libraries 200 may be only 
for a portion of the ligand library 10 member ligands 100. More typically, however, each 
member of the ligand library is daughtered to one or more daughter libraries 200, as is shown 
in Figure 2. After the daughtering step, the daughter libraries 200 may be dried or stored in a 
mann^ similar to the parent ligand libraries. In other embodiments^ the member ligands 100 

20 of the ligand library 10 are nuuntained in a solid form. During the daughtering process known 
solid handling equipment and methods are used to take the aliquot from the ligand library to 
oreated the daughtra: library, which will have members that are also solids. Thereafter, it may 
be necessary to dissolve the member ligands 202 of the daughter libraries 200 in a solvent 
The daughtering process is optional because one may go directly from ligand synthesis to 

25 catalyst formation; howeva:, this has the disadvantage of using the entire ligand library, 
meaning that the member ligands in the ligand library must be re-synthesized for 
experimentation beyond the first reaction or screening experimmt. 

Once the daughter libraries are formed (or using the ligand library), and continuing 
with Figure 2, one or more metal precursors 204 are added to at least a portion of the 

30 membars 202 of the daughter libraries 200 to create one or more libraries of target metal- 
ligand complexes, e.g., catalyst libraries 220. Combming may take place at one or more 
daughtering stations or one or more combining stations. Each of the components or memb«s 
or libraries to be combined is provided at the dau^toing or combining station and known 
robotic techniques may be used to transfer such componmts to the daughtering or combining 

35 station. Another option shown in Figure 2 is to create daughter catalyst libraries 222 from the 
catalyst library 220 by taking one or more aliquot from the catalyst library. This may be done 
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5 at a daughtering station after at least the metal precursors and ligands have been combined, 
with or without ligand modifiers or activators. This catalyst daughtering option may also be 
used when different activating options are being researched for the same ligand metal 
precursor combinations. Additionally, this option may be desirable when the same catalyst 
library will be tested for different reactions of interest or when the same catalyst library will 

10 undergo the same reaction of int^est at differ^t reaction conditions, such as with an 
optimization research and development program. 

Once the catalyst libraries 220 or daughter catalyst libraries 222 are prepared, the 
members 221^3 are subjected to a reaction of int^est at either a reactor station or a 
screening station. Reactions of interest may be performed in parallel or in a serial &shion. 

1 5 Different reactions of interest may be performed on daughter catalyst libraries or catalyst 
libraries. Referring again to Figure 2, the catalyst library 220 may follow path X and be 
daught^red as discussed above into daughter catalyst libraries 222. Path X shows a research : 
path including either ( 1 ) reaction with screening or (2) reaction and subsequent screening. 
Each catalyst library 220,222 is tested in a reaction of interest at a reaction station 80 to a:^te 

20 one or more product libraries 224. In parallel or serial fashion, the reactants are added to the 
reactor with the catalyst members and the reaction is performed und^ predetCTnined 
conditions. If a reactor is chosen with sensing capabilities, tiien screening may take place 
during the reaction. After the reaction, the results may be tested in post reaction screwing 90 
for a property or a compotmd or a material. For example, if a small molecule transformation, 

25 such as aryl anunation, is the reaction of interest then staining may be used to determine if the 
transformation has occurred by choosing a stain appropriate for the product or reactant. 

Path Y in Figure 2 shows a research path having multiple reactions and screens. The 
catalyst library 220 is daughtered into daughter catalyst libraries 222 with the daughter 
libraries each being screened in a primary screen 1 10. A primary screen is one that runs the 

30 reaction of interest, and provides sufficient data to determine at least whether a catalyst 

member was active in the reaction of interest or whether a product of interest was formed in 
the reaction. A primary screen may be one where the catalysts or products are not separated 
fix>m each other, but subjected together to the reaction of interest in a parallel optical screen. 
For example, if the reaction of interest is the polymerization of ethylene, the primary screen 
35 may be a chamber that allows ethylene to contact all catalyst library members simultaneously. 
The active catalysts may be identified from the inactive or less active catalyst by encoding the 
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5 catalyst members of the catalyst library, as disclosed in copending U.S. Patrat Application 
No. 09/033^07, filed March 2, 1998, which is incorporated herein by reference. The primary 
screen may be an infrared screen that identifies active catalysts by heat of reaction, such as 
disclosed in copending U.S. Patent Application 08/946,135, filed October 7, 1997, which is 
incorporated herein by reference (published as WO 98/15815, which is also incoiporated 

10 herein by reference). The primary screen may be another optical technique to detemiine if a 
product has been made; for example, if the reaction of interest is an emulsion polymerization, 
the optical screen may determine if an emulsion was created. Useful optical techniques are 
disclosed in copending U.S. Patent Application 08/947,085, and filed Octoba 8, 1997, v^ch 
is incorporated herein by reference (published as WO 98/15805, which is also incorporated 

15 hcarein by reference). Anottier possible primary screen is a parallel fliin lay» chromatography 
system, as disclosed in 09/062,128, filed April 17, 1998 and incorporated herein by reference. 
Other primary screens may be known or developed by ttiose of skill in the art for specific 
reactions of interest 

Any screm may be a primaiy screen, however, the object of having a primary soeen 

20 is to eliminate some of the members 221 , 223 ofUxc catalyst libraries or daughter catalyst 

libraries &om fiirther, more detailed testing. Since an enormous numbor of ligands and m^ 
precursora are typically being combined in difioraxt routes, it may be that one route is not 
applicable for a particular metal precursor/ligand combination. A primary smen would 
eliminate such an inapplicable route at a lower cost than a screen Aat provides more detailed 

25 information. As sudi primary screens are designed to quickly, effectively and/or efficiently 
reduce the number of catalyst members that are screened for detailed information (such as 
conversion and selectivity or polymer particle size). 

Path Y also shows that after the primary screen 1 1 0, members of catalyst or product 
libraries 220,222, 224 that pass the primary screen are sent to a secondary screen 112. The 

30 secondary screen runs the same reaction of interest imdw conditions that supply more data 
than the primary screen. Any of the screws discussed above may be a primary or secondary 
scre^L Another feature of Figure 2 is a feedback loop 95 that provides information for tiie 
synthesis of new parent libraries or new daughtering. The information comes from a post 
reaction screen 90, a reaction that includes a screen 80, a primary screen 1 10 or a secondary 

35 screen 1 12. For example, the information seat in the feedbadc loop 95 may be catalyst 

activity, compound existence or disappearance, polymer properties or any othw information 
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5 that comes from the screois that are perfomied. This feedback loop may be such as disclosed 

in U.S. PatCTits 5,563,564, herein incorporated by reference. 

It will be readily apparent to those of skill in the art that the foregoing reaction and/or 

screening methods are intended to illustrate, and not restrict the ways in which the catalyst or 

product libraries can be screened for useful properties for a reaction of interest Other 
10 screening techniques and apparatuses known to those having skill in the art may similarly be 

employed. 

An apparatus or system 500 for researching for novel ligands, catalysts or products is 
illxistrated in Figure 5. System 500 includes a parent library 502, a combining station 503, a 
daughtering station 504 (to areate one or more daughter libraries 506), optionally a filtering 

15 station -508, a reaction station 5 10, a screening station 511 and an automated robotic system, 
represented by arrows 5 12 to move libraries from one station to another. As used herein a 
"station" is a location in the apparatus that performs one or more functions. The frmctions 
may be combining the starting components, combining ligands with metal atoms, ions or 
precursors, creating a product library via a reaction, soreening or any of the other functions 

20 discussed above. Thus, the station may comprise a liquid handling robot with pumps and 
computers (as known in the art) to dispense, dissolve, mix and/or move liquids from one 
container to another. The station may include any of the reactors discussed above, and may 
be in an inert atmosphere glove box. A location in the apparatus may perform multiple 
fiinctions, but for piuposes of discussing the methodology in block diagram form, each 

25 location or station herein will be referred to as a separate station. 

Basically, starting components or parent ligand libraries or metal precursors, etc. are 
inputted into the apparatus (or retrieved from storage) and sent to a combining station 503. 
After combination, the product library is formed via reaction at the reaction station 510. If 
screening does not occur during the reaction, the product library is sent to the screening 

30 station 5 1 1 for screening as discussed above. A daughtering station 504 can be insCTted into 
the process to create daughter libraries 506. As discussed above, when ligands are being 
combined with metal precursors, this takes place at the combining station. Finally, a filtering 
station 508 may be used when solid phase agents are used in the process. 

Figure 5 illustrates a block diagram flow for a methodology useful in this invention. 

35 Starting components or parent libraries may be maintained in storage and retrieved from 
storage and moved via the handling system 512 to the combining station 503. Optional in 
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5 this process is the daughtering of the parent library at the daughtering station 504. Multiple 
paths are shown from the daughtering station 504 to the combining station 503 to show the 
possibility that multiple daughter libraries are transferred to the combining station 503. The 
combining station combines the starting components together in a predefined maimer, using 
the components, ratios, etc. as discussed above. Typically, exiting the combining station 503 

10 is either a catalyst library or a combination of components for turning into a product library. 
One option is for the results of the combination to go to a filtering station 508. Since filtering 
removes unwanted ntiaterials fix>m the library (typically fimn the catalyst library), it may be 
desirable to daughter the library after filtering, which is accomplished at a daughtering station 
504 between the filtering station 508 and the reaction station 5 1 0. The catalyst library or 

1 5 combination of starting components proceeds to a reaction station 510, where the product 
library is formed. In other words, the reaction of interest is run at the reaction station 510. 
Process divmity is accomplished at the reaction station 510 using the reaction options 
discussed above. From the reaction station 5 10, the product library proceeds to the screening 
station 511, where a predetermined screen is run to determine if the reaction of interest was 

20 successful and/or the qualitative or quantitative degree of success of the reaction of interest 
The screening station may incliule a single screm or multiple screms (such as a primary and 
secondary soreen) and may entail using multiple locations for the multiple screens. A feed- 
back loop 95 is provided that takes screening mformation &om either the reaction station 510 
(when a reaction that includes a screen is used) or the screening station 511. This screening 

25 information is used at the combining station 503 for new combinations of starting 

components or creating new catalyst libraries, etc. The feed-back loop 95 may also feed 
screening information to the starting components or parent libraries or the storage location for 
new product libraries to be created for making a product of interest. 

The system 500 includes a computer or processor based system 514 that controls, 

30 monitors and/or coordinates the process st^s as well as interaction between the various 

stations 503, 504, 508, 510 and 51 1. The "control" systoii also coordinates the movement of 
plates (parent or daughter) moving in the robotic system 512. The "control" syston 514 also 
includes computers, processors and/or software that a usa: (e.g., diCToist) may use to interact 
with the system 500. Ideally, the control system 514 contains sufiBcioit hardware and 

35 software so that it is "user-fiiradly", for example so that the amount of input by the user is 
limited to the essential design and process elemCTits. The control systraa 514 can comprise a 
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5 central computer or processor to command, control and monitor each subsyston or station or 
piece of the system 500. Altematively, the control system 514 can comprise an integrated 
architecture with one or more of the subsystems, stations or pieces is a smart system of its 
own right Thus, a user of the "control" system 514 may design a set of experiments to create 
a product library, specify the screen of that product library and command the system to 
10 perform all the chemistry and screening automatically from chemicals in storage. 

For example, the "control" systrati 514 may command transportation of a library plate 
from storage to a combining station giving instmctions to the combining station that specify 
the types and volumes of chemicals to dispense. Another similar example is where similar 
instructions are used with a daughtering station. The "control" system 514 may also control 
15 the robotics 512 to move chemicals to the various stations 503, 504, 508» 510 and 511. As a 
further example, the "control" system 514 may monitor and control the time that a plate 
remains at a station or the time that a reaction of interest is allowed to run, such as by 
instructing a robot to add a catalyst kill to reactor vessels at various times. Still further^ the 
"control" system may monitor and control a screen, such as by moving a product library to 
20 the screening station and instructing an auto-sampling robot to sample the product library 
with particular solvents for injection and into a molecular weigfht screen. Additionally, the 
"control" system 514 may collect, manipulate and/or store screening data. For example, &e 
"control" system 514 may take data from a screen, reduce that data and then send the data for 
storage to a database. The "control" system 514 can also monitor the system 500 for safety, 
25 problems or other process issues. The "control" system may also include tiie feed-back loop 
95, discussed elsewhere. 

For example, robotic system 512 preferably includes an automated conveyer, robotic 
arm or other suitable device that is connected to the "control" system 514 that is programmed 
to deliver the library plate 502 or daughter plates 506 to respective stations 503, 504, 508, 
30 5 1 0, 5 1 1 . The processor is programmed with the operating parameter using a software 

interface. Typical operating parameters include the coordinates of each of stations 503, 504, 
508, 5 10, 5 1 1 in the system 500 as well as both the library storage plate and daughter plates 
positioning locations at each station. Other data, such as the initial compositions of each 
ligand modifier, metal precursor, activator and the initial compositions of the ligands may 
35 also be programmed into the system. 
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5 In some embodimeiits, a library is stored in a storage plate 502, as more clearly seen 

in Figure 6B. The library storage plate 502 includes a number of wells 604 formed thearein 
that receive vials 606 containing the library members, as shown in Figure 6C. Each vial 606 
may be provided with a cap 608 having a septum 610 for protecting the members when being 
stored. An optional lid 6 1 2 having latches 614 shown in Figure 6B for coimecting to the 

10 storage plate 502 may also be provided for storage purposes* Figure 6A also shows that the 
library plate 502 may be stored in a rack 620 prior to transfix to the next station, such as a 
combining station 503 or daughtering station 504. 

In a preferred onbodiment, reforing to Figure 7» a combining station 503 or a 
daughtering station 504 includes a daughtering robotic arm 702 that carries a movable probe 

1 5 704 and a turntable 706 for holding multiple daughter plates 506 while the daughtaing step is 
being performed. Daughtering robotic arm 702 is movable. The robotic system 512 
manipulates the probe 704 using a 3-axis translation system. The probe 704 is movable 
between vials of ligand modifiers, metal precursors, and activators arranged adjacent the 
synthesis station and plate. 

20 Once the product libnuies are created, the robotic handling system 512 next transports 

plates to a screening station 511. As this system may be configured to pof orm multiple 
screming st^ using multiple soreraing tedmiques, and there may be more than one 
soneening statioiL It is preferred that plates containing the libraries each are eadi receivable 
in a reactor blocks for the screening operation. Indeed, the plates may be the reactor block 

25 that is moved from one station to the next. As disclosed in the copending applications, in one 
embodiment, the reaction block generally contains heating elements and temperature sensing 
devices- thermocouples, thermistors, RTD's and other similar devices - that communication 
with a processor. The heating elements, temperature sensing devices, and the processor 
comprise a temperature control system that maintains the temperature of each of the catalyst 

30 library members at a pre-selected temperature during the reaction such that the catalysts may 
be analyzed as a function of temperature. 
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5 EXAMPLE 

In a dry, nitrogen atmosphere glovebox stock solutions were prepared using ligand L- 
1 having the structure shown below: 




10 

L-1 was synthesized from reductive coupling of 4-(5-nonyl)pyridine using Pd/C 
catalyst at 200 ""C. 

l-chloro*-l-phenylethane (hereinafter "H") was synthesized by treatment of styrene 
with HCl and purified by distillation. 1-2 was synthesized by reaction of coxmnerially 
15 available divinylbenzene with HCl, followed by purification by distillation. 1-2 had the 
following structure: 




All other materials were commercially availablie and were purified using conventional 
20 techniques. 

Five stock solutions were prepared in a dry nitrogen atmosphere glovebox (I, U, III, 
rV, and V), as follows: Solution I comprised 19.8 mg (0.141 mmol) of 1-chloro-l- 
phenylethane (I-l) and 800 |liL (6.98 mmol) of styrene. Solution 11 comprised 20 mg (0.2 
mmol) CuCl, 174 mg of L-1 (0.42 mmol), and 3.33 mL (29.1 mmol) of styrene. Solution III 
25 comprised 14.2 mg of 1-2 (0.07 mmol) and 800 jiL (6.98 mmol) styrene. Solution IV 

comprised 14.7 mg (0.105 mmol) of I-l, 10.4 mg (0.105 mmol) CuCl, 90 mg (0.022 mmol) 
of L-1, and 6 mL (52.4 mmol) of styrene. Solution V comprised 10.7 mg (0.0525 mmol) of I- 
2, 10.4 mg (0.105 mmol) CuCl, 90 mg (0.022 nunol) of L-1, and 6 mL (52.4 mmol) of 
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5 styrene. 

A 7-row by 12-column 84-vessel glass-lined aluminum reactor block array with 
approximately 800 pL volume per vessel was prepared in a drybox under dry nitrogen 
atmosphere and stock solutions I-V were manually distributed to the vessels using a metering 
pipettor, such that elements 1-5 received a gradient of Solution I (100 |xL, 50 |xL, 33.3 nL, 25 

10 ^.L, and 20 \xL\ 100 |iL of Solution II, and a gradient of excess styrene (0 fxL, 50 ^L, 66.7 |iL, 
75 pL, 80 pL). Elanents 6-10 received a gradient of Solution III (100 ^L, 50 jiL, 33.3 |xL, 25 
jiL, and 20 jiL), 100 pL of Solution II, and a gradient of excess styrene (0 jiL, 50 ^L, 66.7 |xL, 
75 |iL, 80 jiL). Elements 1 1-15 received a gradient of Solution I (100 jxL, 50 |iL, 33.3 jiL, 25 
^iL, and 20 pL), 100 of Solution II, a gradient of excess styrene (0 ^iL, 50 |jL, 66.7 jiL, 75 

15 pL» 80 ^L), and 200 fxL of diphoiylether. Elements 1 6-20 received a gradient of Solution III 
(100 nL, 50 pL. 333 pL, 25 ^iL, and 20 pL), 100 pL of Solution H, a gradient of excess 
styrene (0 |iL, 50 ^L, 66.7 pL, 75 pL, 80 ^L), and 200 jiL of diphenylether. Elemmts 21-50 
(a 5x6 array) received 150 pL of Solution IV and a gradient of dilutions along each row by 
adding solvent (75 pL, 150 jiL, 225 pL, 300 jxL, 375 ^iL, 450 pL) with a different solvent m 

20 each row (diethyl carbonate, benzene, o-dichlorobenzene, m-dimetfaoxybenzene, and 

diphenyledier, respectively). Similariy, elements 51-80 (a 5x6 array) received 150 of 
Solution V and a gradient of dilutions along each row by adding solvent (75 |iL, 150 pL, 225 
^L, 300 pL, 375 |iL, 450 pL) with a dififerent solvent in each row (diethyl carbonate, benzene, 
o-dichlorobenzoie, m-dimethoxybenzme, and diphenylether, respectively). In this £EUihion an 

25 array of 7x1 2 diverse polymerization reactions were prepared, reqiuring a setup time of 

approximately 5 his. The reactor block array was sealed using a Teflon membrane covering a 
silicon rubber she^ compressed with an aluminum plate bolted in place. 

The reactor block array was then heated to 120 °C for 15 hrs with agitation provided 
by an orbital shaker. The reactor block array was allowed to cool, and to each vessel was 

30 added THF sudi that the total volume readied 0.8 mL, and the blodc was re-sealed and 
heated at 105°C with orbital shaking for approximately 1 hr, to allow formation of 
homogeneous fluid solutions. The reactor block was then allowed to cool. 

Each element of the array was analyzed by rapid manner using the following 
equipment and m^od: 

35 Figure 4 shows the gaieral layout of the equipment including an ei^t port valve 1210 

and a filter 1212. A light scattoing detector 1216 and a RI d^ector 121 8 were used. 
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5 Samples were injected into the 8-port valve, having two 50-^1 injection loops and the system 
was maintained at a temperature of 36*^0. A short chromatographic colunm 1214 (Polymer 
Laboratories, 1 1 10-1520, sold as a GPC guard colunm) was in-line between the filter 1212 
and the light-scattering cell 1216, Samples were manipulated with a sampler 1200 
automatically. The sampler 1200 had a tip 1201 that obtained the polymer sample from the 
10 sample tray 1202. The sampler 1200 moved the tip 1201 into a loading port 1204 that sent 
the sample through the transfer line 1206. The system was controlled by a single computer 
1222 that controlled the sampler 1200, loading of the sample via the loading port 1204, as 
well as collecting data from &e light scattering detector 1216 and the RI detector 1218. 

for each sample was calculated using an algorithm incorporated in the analysis 
15 software ("Precision Analyze", version 0.99.03 1(06/08/97), Precision Detectors) 
accompanying the PD2020. In order to determine points in the chromatogram 
representing the baselines of the IS and 90 degree signals and the RI signals were first 
selected ("baseline regions**)- Linear least-squares fits of these points defined the three 
baselines. Then, an integration region ^compassing the main sample peak was chosen. The 
20 software then calculates based on the SLS and RI data and baseline values in fids 

integration region. The calculation was performed in the limit of tiie radius of gyration, Rg, 
being much less than the measurement wavelength, and the polymer concentration in the 
dilute limit representing isolated molecules. This calculation also used the angular form- - 
factor, P(9), appropriate for a Gaussian-coil molecule, and fitted it to the SLS signals to 
25 extract M^. For polymers with less than about 10,000 kD, this method determined values 
of within less than 5% of values calculated assuming non*Gaussian-coil forms of P(9). 

is calculated firom the diffusion constant of the polymer molecules, which is 
obtained by fitting the photon-photon correlation fimction to an exponential. The PD2020 
system was designed to allow for measurements ofR^ at each time-slice of the chromatogram 
30 for sufficientiy low flow rates. 

Using a programmable robotic sampler, 20 |xL of each reactor were drawn and 
dispensed along with 250 of THF into a polypropylene microtiter plate. 100 of this 
diluted sample was drawn and used to load a SO sample loop on an HPLC injector, 
followed by rapid li^t scattering evaluation. During the time of each analysis, the step of 
35 diluting the next sample was conducted, so that each sample injection automatically occurred 
at 40 sec. intervals. Table 1, below, shows the average M^IOOO of the samples derived fix)m 
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5 the analysis. 



Table I: 



Col> 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


Rowl 
2 


22.2 
8.65 


35.7 
15 


46.3 
22.3 


55.8 
26.6 


63.7 
30.4 


NR 
NR 


NR 
NR 


25.9 
11.2 


47.6 
19.8 


57.3 
33.1 


72 
40.1 


78.2 
42.9 


3 


28.9 


20.2 


16.6 


12.6 


12 


11.9 


44 


34.3 


29.8 


20.9 


17.6 


16.4 


4 


38.9 


29.6 


26.1 


24.1 


24.2 


22.9 


56 


51.7 


45 


38.7 


30.9 


27 


5 


47.8 


34.8 


23.6 


18.6 


15.4 


14.1 


59.9 


48J 


33.7 


25.2 


22.6 


18.3 


6 


40.6 


28.6 


15.3 


12.9 


12 


13.1 


45.8 


20.8 


17.7 


123 


13.3 


13.8 


7 


40.3 


30.2 


23.2 


20.9 


19.5 


19.2 


46.8 


37.4 


34.2 


29.7 


28.6 


27.8 



The expected trends of decreasing molecular weight with increasing dilution, and 
10 decreasing molecular weight with decreasing monomer to initiator ratio were observed. This 
dmionstrates very rapid molecular wd^t det^minations in combinatorial discovoy of 
optimal catalytic processes. 

It is to be undmtood that the above desoiption is intended to illustrative and not 
15 restricted. Many embodimrats will be apparent to those of skill in the art iq>on reading the 
above desoiption. The scope of the invention should» therefore, be determined not with 
reference to the above description, but should instead be determined with referoace to the 
appended claims, along with the full scope of equivalmts to which such clain:is are entitled. 
The disclosures of all articles and references, including patent plications and publications, 
20 are incorporated herein by reference for all purposes. 
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5 CLAIMS 

1 . A method for researching for novel catalysts, comprising: 
providing a ligand library comprising a plurality of member ligands, each of said 
ligand members having a common scaffold but varying in structural diversity; 

forming one or more daughter libraries from said ligand library by taking one or more 
10 aliquots from one or more member ligands in said ligand library; 

creating one or more catalyst libraries from at least a portion of said daughter libraries 
by adding at least one metal precursor to said members of said daughter hbraries; and 
screening at least a portion of said catalyst libraries in a reaction of interest 

15 2. The method of claim 1 , wherein said ligand library further comprises member 

ligands having two or more different scaffolds so that said daughter libraries contain 
members having different scaffolds and varying in structural div^ity. 

3. The method of claim 2, wherein a different metal precursor is added to said 
20 member ligands in the daughter libraries such that the number of different metal precursors 

added to said ligand library is equal to the number of different scaffolds* 

4. The method of claim 3, wherein there are three diffcarent scaffolds in said 
ligand library. 

25 

5. The method of claim 3, wherein there are four different scaffolds in said ligand 

library. 

6. The method of claim 1 , wherein a first daughter library and a second daughter 
30 library are formed, at least a portion of said first daughter library being combined with a first 

metal precursor, at least a portion of said second daughter library being combined with a 
second metal precursor, and wherein said first and second metal precursors are different from 
one another, so as to create two different catalyst libraries. 

35 7. The method of claim 1 , wherein first, second and third daughter libraries are 

formed, at least a portion of said first daughter library being combined with a first metal 
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5 precursor, at least a portion of said second daughter library being combined with a second 
metal precursor, and at least a portion of said third daughter library being combined with a 
third metal precursor, wherein said first, second and third metal precursors are different so as 
to create three different catalyst libraries. 

10 8. The method of claim 1, wherein each daughter library has substantially the 

same member daughter ligands. 

9. The method of claim 8, wherein each member daughter ligand is a solid. 

15 10. The method of claim 1 , wherein said member ligands of said ligand library are 

solids. 

1 1 . The method of claim 1 , wherein said member ligands of said ligand library are 
dissolved in a solvent 

20 

12. The method of claim 3, wherein said metal precursors are inorganic materials. 

13. The method of claim 3, wherein said metal precursors are dissolved in a 
solvent. 

25 

14. The method of claim 1, fiirther including adding at least one ligand modifier to 
at least a portion of said one or more daught^ libraries prior to adding said metal precursor. 

1 5. The method of claim 1 , further comprising activating at least a portion of said 
30 catalyst libraries by adding an activator to said one or more catalyst libraries prior to 

screening said catalyst libraries. 

16. The method of claim 14, further including adding different ligand modifiers to 
member ligands in said daughter libraries having diffarent scaffolds such that the number of 

35 different ligand modifiers added to each of said dau^ter libraries is equal to the number of 
differmt scaffolds for each member ligand in said daughter libraries. 
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5 

17. The method of claim 1 , wherein members of said catalyst libraries are 
homogeneous catalysts. 

18. The method of claim 1 , wherein members of said catalyst libraries are 
1 0 supported homograeous catalysts. 

19. The method of claim 1 , wherein said reaction of interest is selected from the 
group consisting of: carbonylation, hydroformylation, hydroxycaibonylation, 
hydrocarbonylation, hydroesterification, hydrogenation, transfer hydrogenation, 

iS hydrosilylation, hydroboration, hydroamination, epoxidation, aziridination, reductive 

amination, aryl amination, polymerization, oligomerization, C-H activation, insertion, C-H 
activation-insertion, C-H activation-substitution, C-halogen activation, C-halogen activation- 
insertion, C-halogen activation-substitution, cyclopropanation, alkene metathesis, and allgme 
metatesis. 

20 

20. The method of claim 1 , wherein said screening at least a portion of said 
catalyst libraries in a reaction of interest includes subjecting said catalyst libraries to reaction 
conditions in parallel iising a parallel reactor. 

25 21. The method of claim 20, wherein said scre^ung is performed in a parallel 

polymerization reactor. 

22. Th6 method of claim 20, wherein said screening is performed in a continuous 
parallel feed reactor. 

30 

23. The method of claim 20, wherein said screening is performed in a parallel 
batch reactor. 

24. The method of claim 20, wherein said screening is performed in a multi- 
35 temperature parallel reactor. 
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5 25. The method of claim 20, wherein subjecting at least a portion of each of said 

catalyst libraries to reaction conditions yields a product library and said method further 
comprises screening said product library for a property of interest. 

26. The method of claim 25, wherein said property of interest is selected from the 
10 group consisting of electrical, thermal, mechanical, morphological, optical, magnetic or 

chemical. 

27. The method of claim 20, wherein subjecting at least a portion of each of said 
catalyst libraries to reaction conditions yields a product and said method further includes 

15 screening at least a portion of said product Ubrary for a compound of intoest 

28. The method of claim 20, wherein subjecting at least a portion of each of said 
catalyst libraries to reaction conditions in parallel includes varying one or more of the process 
variables across the parallel reaction of interest, with said process variables being selected 

20 from the group consisting of amounts or ratios of starting components, time for reaction, 
reaction temperature, reaction pressure, rate of startmg conq>onent addition to the reaction, 
residence time, reaction atmosphere, mixing rate and combinations thweof 

29. The method of claim 1, wherein said screwing includes at least two diffoent 
25 screening operations including a primary screen and a secondary screen, wherein said primary 

screen serves to eliminate at least a portion of catalyst library mraibas from further testing 
prior to p^orming said secondary screen. 

30. The method of claim 29, wherein said primary screening is performed by a 
30 method selected from the group consisting of: infrared spectroscopy, infrared imaging, 

Fourier transform infrared spectroscopy, thin layer chromatography, solid phase staining, 
rapid gel pameation chromatography, nuclear magnetic resonance spectroscopy, d^olarized 
light scattering, rapid thermal analysis, gas composition — mass spectrometry, and liquid 
composition — mass spectrometry. 

35 

3 1 . The method of claim 1 , wherein said screening includes subjecting said 
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5 catalyst libraries to a reaction of interest to form a product library and further comprising 
screening said product library for a compovmd or property of int^est. 

32. The method of claim 1 , wherein said screening is performed simultaneously 
with subjecting at least a portion of each of said catalyst libraries to reaction conditions. 

10 

33. The method of claim 3 1 , wherein at least a portion of each of said product 
libraries is screened by a method selected from the group consisting of infrared spectroscopy, 
infrared imaging, parallel polymerization reaction, liquid chromatography, ligiht scattering, 
polymer stractural testing, polymer melt flow testing, polymer property testing, Fourier 

15 transform infrared spectroscopy, thin layer chromatography, solid phase staining, rapid gel 
pomeation chromatography, nuclear magnetic resonance spectroscopy, depolarized light 
scattering, rapid thermal analysis, gas composition - mass spectrometry, and liquid 
composition - mass spectrometry. 

20 34. The mediod of claim 29, wherein said secondary soreen is selected from the 

group consisting of a parallel polymerization reaction, liquid chromatography, lig^t 
scattmng, polymer structural testing, polymer melt flow testing, polymer property testing, 
Fourier transform infrared spectroscopy, thin layer chromatography, solid phase staining, 
rapid gel permeation chromatography, nuclear magnetic resonance spectroscopy, depolarized 

25 light scattering, rapid thermal analysis, gas composition - mass spectrometry, and liquid 
composition - mass spectrometry. 

35. A method for researching for novel catalysts, comprising: 
providing a ligand library comprising a plurality of member ligands, wherein said 
30 member ligands have one or more scaffolds that have varying structural diversity; 
transferring said ligand library to a daughtering station; 

forming one or more daughter libraries from said ligand library by taking one or more 
aUquots from one or more member ligands in said ligand library; 

adding at least one metal precursor to at least a portion of said daughter libraries to 
35 create one or more catalyst libraries; 

transferring said catalyst libraries to a reaction station and performing a reaction of 
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5 interest with the members of said catalyst library to form a product library; and 

screening at least a portion of said product library for a compound or property of 
interest 

36. The method of claim 35, further comprising adding at least one Ugand 

10 modifier to at least a portion of said one or more daughter libraries prior to adding said metal 
precursors to said at least a portion of said member ligands in said daught^ libraries. 

37. The m^od of claim 36» fiirdier comprising activating at least a portion of said 
catalyst libraries by adding an activator to said one or more catalyst libraries prior to 

15 performing said reaction of interest. 

38. The method of claim 37, further comprising transferring said daughter plates 
to a combining station, wh^ein said metal precursors are added to said member ligands of 
said daughter libraries at said combining station. 



39. The method of claim 38, said reaction of interest is performed at a reaction 

station. 

40. The method of claim 39, wherein said reaction station further comprises a 
25 parallel reactor to subject at least a portion of each of said catalyst libraries to reaction 

conditions in parallel. 

4 1 . The method of claim 40, further comprising transporting member catalysts of 
said catalyst libraries fix>m a storage plate into said parallel reactor. 



42. The method of claim 35, wh^ein said product library is screened for a 
property of interest, wherein said property of interest is selected firom the group consisting of: 
electrical, thermal, mechanical, morphological, optical, magnetic or chemical. 



20 



30 



35 



43. The method of claim 35, wherein said product library is screaaed for a 
compound of interest 
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44. A system for the research or development of catalysts or polymers comprising: 
a storage area comprising two or more starting components; 

a combining station that receives said starting components and combines. said starting 
components in different ratios; 

a reaction station that receives said different ratios of starting components and 
subjects said dififermt ratios of starting components to a reaction of interest in parallel under 
reaction conditions thereby fornfiing a product library; and 

a screening station that receives said product library and screens said product library 
for a compound or property of interest. 

45. The system of claim 44 further comprising a filtering station between said 
combining station and reaction station. 

46. The system of claim 44 further comprising a daughtmng station adapted to 
20 receive one or more starting components in library form, said different ratios of said starting 

components or said product library. 

47. The system of claim 44 further comprising a transport system for transporting 
starting componrats or libraries firom station to station. 

25 

48. The system of claim 44 further comprising a control system for controlling or 
monitoring said system. 

49. The system of claim 48, wherein said control system collects data from said 
30 screening station and stores such data in a database. 

50. The system of claim 48 wherein said control system synchronizes the 
movement of library plates from one station to another. 

35 5 1 . A system for researching for novel catalyst libraries, comprising: 

a ligand library storage plate containing a plurality of ligand library member ligands, 

—37— 
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5 wherein said niCTiber ligands have a common scaffold but vary in structural diversity; 

a daughtering station wherein a plurality of daughter libraries are formed by taking 
one or more aliquots from one or more memb^ ligands of said ligand library; 

a plurality of daughter plates for storing said daugihter libraries; 

a combining station wherein metal precursors are added to at least a portion of said 
10 daughter libraries to create a plurality of catalyst libraries; 

a reaction station wher^ at least a portion of said catalyst libraries are subjected to a 
reaction of interest; and 

an automated robotic system for forming said catalyst libraries and transferring said 
storage plates and daught» plates between said stations in said system, 

15 

52. A method of researching for polymers having a predetermined property, 
comprising: 

mixing two or more starting components in a plurality of ratios, 
subjecting each of said ratios of starting components to a polymeri:^on reaction in 
20 parallel under polymerization conditions to create a polymo: library having a plurality of 
members and, 

screening said polymer library for said property. 



53. The method of claim 52, whwein polymerization conditions are varied 
25 between two or more of said ratios of starting components. 

54. The method of claim 53, wherein the polymaization conditions that are varied 
are selected from the group consisting of amounts of starting components, time for reaction, 
reaction temperature, reaction pressure, rate and/or method of starting component addition to 

30 the reaction of interest, residence time, reaction stir rate and/or method, reaction kill rate 
and/or method and reaction atmosphere. 



55. The method of claim 54, wh^eui the polymerization condition that is varied is 
the amount of starting componmts and said amount is selected from the group consisting of 
35 volume, moles and mass. 
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5 56. The method of claim 55, further comprising daughtering said polymer library 

into two or more daughter polymer libraries prior to said scre^ng. 

57. The method of claim 56, wherein a different screening test is poformed on 
each of said two or more daughter polymer libraries. . 

10 
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APPARATUS AND METHOD FOR COMBINATORIAL RESEARCH FOR CATALYSTS AND POLYMERS 



5 

This application claims the b^efit of U.S. Provisional Application No. 
60/080,652, filed April 3, 1998, which is incorporated herein by reference* 

BACKGROUND 

10 Technical Field 

The present invention relates to the field of research for new catalysts or 
polymers or processes for making polymers. More particularly, this invention is 
directed toward an apparatus and method of perfomiing homogeneous and supported 
homogeneous catalysis and related techniques for rapidly creating and testing catalyst 
15 libraries prepared by combinatorial techniques. This invention is also directed toward 
an apparatus and method for making polymers using combinatorial tediniques. 

Discussion 

Combinatorial chemistry has revolutionized the process of dmg discovery. 
See, for example, 29 Acc. Chem. Res. 1-170 (1996); 97 Chem. Rev. 349-509 (1997); 
S. Bomian, Chem. Eng. News 43-62 (Feb. 24, 1997); A. M. Thayer, Chma. Eng. 
News 57-64 (Feb. 12, 1996); N. Terret, 1 Dmg Discovery Today 402 (1996)). 
Because of its success in eliminating die synthesis bottleneck in drug discovery, many 
researchers have come to narrowly view combinatorial methods as tools for creatiag 
stractural diversity. Few researchers have emphasized that, during synthesis, 
variations in temperature, pressure, ionic str^igth, and other process conditions can 
strongly influence the resulting properties of libraiy members. For example, reaction' 
conditions are particularly important in fomiulation chemistry and polymer chemistry, 
where one combines a set of components under different reaction conditions or 
concentrations to detemiine their influence on product properties. 

Recently, combinatorial approaches have been used for discovery programs 
unrelated to dmgs. Combinatorial materials science generally refers to the methods 
for creating a collection of chemically diverse compounds or materials and to methods 
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for rapidly testing or screwing this library of compounds or materials for desirable 
performance charactoistics and properties. For eTcample, some researdiers have 
recognized that combinatorial strategies offer promise for the discovery of inorganic 
compounds such as hi^*traiperature superconductors, magnetoresistive materials, 

5 luminescent materials, and catalytic matOTals. See, for example, co-pending U.S. 
patent application no. 08/327,513 *The Combinatorial Synthrais of Novel Materials" 
(published as WO 96/1 1878) and U.S. Patent 5,776,359, which are both herein 
incorporated by reference. Compared to traditional discovCTy methods, combinatorial 
me&ods sharply reduce the costs associated with preparing and so^eening each 

10 candidate material. 

Some combinatorial research into catalysis and polymer formation has beguiL 
See U.S. patent application no. 08/898,715 "Combinatorial Synthesis and Analysis of 
Organometallic Compounds and Catalysts" (published as WO 98/03251). The 
following articles discuss one or more combinatorial techniques in conjunction with 

15 catalysis, and each are incorporated herem by reference: Senkan, Nature^ vol 394, pp. 
350-353 (July 23, 1998); Burgess et al., Angew. Chem. Int Ed. Eng.^ 1996, 35, No. 2, 
pp. 220-222; Mai« et al., Angew. Chem. Int. Ed Eng., 1998, 37, No. 19, pp. 2644- 
2647; Reetz et al., Angew. Chem. Int Ed Eng.^ 1998, 37, No. 19, pp. 2647-2650; 
Schlogl, Angew. Chem. Int. Ed Eng.^ 1998, 37, No. 17, pp. 2333-2336; Moikea et al., 

20 Science, vol. 280, pp. 267-270 (April 10, 1998); and Gilbertson et al.. Tetrahedron 
Letters, vol. 37, no. 36, pp. 6475-6478 (1996). 

What is needed is a combinatorial method arid £^aratus for the reseat^ 
discovery and development of catalysts and polymers. This invention advances the 
field by providing an entire system, beginning with a ligand library or a set of 

25 reactants and ending with soreens for performance, with a variety of reaction and 
screening options. 



SUMMARY OF THE INVENTION 
30 This invention provides methods and apparatus for performing the 

combinatorial synthesis of libraries and sareening of those combinatorial libraries. 
This invCTtion gives those of skill in the art a variety of synthesis and screening 
techniques so that a complete combinatorial discovery or optimization research and 

2 
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development program can be successfully implemented for many different reactions, 
including all types of polymerizations or small molecule catalysis* The broadest 
concept of the methodology is that a Ubfary is created that is screwed for a property 
or compound of interest. The libraries that are created depend on the reaction of 

5 interest, but are typically eith^ catalyst libraries or product libraries. This invCTition 
provides a number of embodiments for performing such synthesis and screening and 
the embodiments may be combined together. 

One embodiment of the present invention is a method and apparatus for 
researching for novel catalysts by starting with a ligand library that includes a 

10 plm^ty of member ligands. In the Ugand library (also referred to as a parent ligand 
library) each ligand memb^ may have a common scaffold, but will vary in structural 
diversity. The ligand library may also include ligand members that have different 
scaffolds. The important point is that the ligand library includes ligand members that 
are different from each other by either scaffold or structural diversity or both. 

15 Optionally, one or more daughter libraries are created from the parent ligand library 
by taking one or more aliquots from one or more member ligands in said ligand 
library. For example,'each daughter library may be considered to be a replica of the 
ligand library, but each daughter ligand member would be smaller than the parent 
ligand member in terms of either volume or moles or mass. At least one metal 

20 precursor is added to at least a portion of the members of the ligand libraries or 
daughter libraries to create one or more catalyst libraries. The catalyst library is 
subjected to a reaction of interest The reaction of interest may be a reaction that 
creates a product library. For example, if the reaction of interest is a polymerization 
reaction, a polymer library will be the result. Alternatively, the reaction of interest 

25 may be a screen for activity. The reaction of intaest can have process conditions that 
are combinatorialized, such as varying amounts of reactants or different conditions 
(such as time, temperature, pressure, atmosphere, etc.). The method optionally 
provides different screening stages, such as a primary screen to eliminate some 
members from a library from going on to a secondary screen. 

30 In another embodiment, mixtures of starting components (such as ligands, 

metal precursors, initiators, monomers, solvents, etc.) are combined in different ratios. 
A reaction of interest is p^formed under varying conditions to create a product array. 
This embodiment focuses on combinatorializing the conditions of the reaction of 
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interest Process conditions that may be combinatorialized indude amounts (volume, 
moles or mass) and ratios of starting components, time for reaction, reaction 
tenq>«uture, reaction pressure, rate of starting component addition to the reaction, 
residence time (or product removal rate), reaction atmosphere, reaction stir rate and 

5 oth^ conditions that those of skill in the art wUl recognize. The library that is created 
in this embodiment is a product library that is then screened for a property or 
compound of interest Optionally, prior to screening, the product library is dau^tered 
into one or more daughter product libraries. 

In addition, the two above embodiments can be combined together. For 

10 example, this invention may be practiced in order to discover a polymer of interest by 
free radical pol3anerization (e.g., a polymer having predetermined properties, such as 
molecular weight or particle size). The library of polymers (e.g., a product Ubrary) 
may be created by having diversity in the starting components used or by having 
diversitjr tiie reactions conditions (e.g., time, temperature^ mixing speed, ^.). The 

15 polymer library is 13am tested to d^ermine if a polymer of interest has been created 
using one of many different rapid polymer characterization techniques. Thus, in ibis 
example, the screm may be the reaction, the polymer characterization or both. 

The embodimCTts of this methodology are combined into a flexible ^stmi 
that includes a number of difiEbrent stations including one or more stations for 

20 combining starting materials, daughtering the libraries, performing the reactions of 
interest arulscreeoing the results of the process. The system includes a control system 
tiiat controls, monitors and directs the activities of the system so tiiat auser may 
design an entire series of e^qperimmts by inputting library design, screening or data 
manipulation criteria. 

25 Those of skill in the art will appreciate tiie variety of methods for cheating 

diversity in the libraries of this inventioiL The screens that are provided to determine 
if the diversity has produced a product of interrat complete tiie research and 
development methodology. 

A further understanding of the nature and advantages of tiie present invention 

30 may be realized by refermce to the remaining portions of the specification and the 
drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1 A and IB show a generic ligand having a scaffold and stractural 
diversity and a ligand library, respectively. 
5 Figure 2 is a flowchart depicting an overall method for one embodiment of the 

invention. 

Figure 3 is a cut-away perspective illustration of a glass lined parallel batch 
reactor useful in this invention. 

Figure 4 is a block diagram illustration of rapid molecular weight light 
10 scattering characterization equipment that was used in the Example. 

Figure 5 is block diagram illustration of an overall method and apparatus of 
this invention. 

Figure 6 includes Figures 6A-6C and shows details of a library storage rack 
and plate system useful in this invention. 
15 Figure 7 is a partial view of one embodiment of the apparatus of tins 

invention. 

DETAILED DESCRIPTION 

20 There are two principal features to this invmtion: (1) creating a library having 

diversity and (2) screening that library for a property or compound of interest A 
library in this invention has either chemical diversity or process diversity. Chemical 
diversity refers to a library having members that vary in atoms or molecules. Process 
diversity refers to a library having members that may have begun with the same atoms 

25 or molecules, but with members that have been subjected to different processing 
conditions and are different as a result of those different processing conditions. 
Different processing conditions include varying amounts (volume, moles or mass) and 
ratios of starting components, time for reaction, reaction temperature, reaction 
pressure, rate of starting component addition to the reaction, residence time (or 

30 product removal rate), reaction atmosphere, mixing or stir rate and other conditions 
that those of skill in the art will recognize. It is through the creation of libraries 
having diversity and the screening of that diversity for a property or compound of 
interest that a complete combinatorial research and development program may be 
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undertakai for homogeneous catalysis or supported homogeaeous catalj^ or 
initiated polymerization reactions* 

In one embodiment, tins invention is directed to rapid creation and testing of 
novel catalysts, but offers significant advantages over convmtional expoimental 

5 methods and systrais. For example, the present invention allows for automated 
parallel catalyst creation and sa-eening of multiple synthetic routes to targeted 
catalysts, thereby saving time and conserving valxiable reactants in determining 
appropriate catalysts for catalyzing a pre-selected reaction. This invention also 
provides a variety of screening options, allowing for flexibility in choosing the 

10 ai^ropriate reaction flow and conditions for a reaction of interest 

For example, if a coordination polymerization reaction is the reaction of 
interest, this invention provides the method and apparatus for the synthesis of 
organometallic complex libraries by a variety of routes that may be catalysts. 
Optional activation of those organometallic complexes into catalysts is included. 

15 After the catalyst libraries are prepared the invention provides for scareening of the 
catalyst libraries. Screening may be in, for example, a parallel polymerization reactor 
that provides detailed infomiation about catalytic activity under a variety of reaction 
options and conditions, including monomer and comonomer choice, solvit, pressure, 
temperature, stirring rate, volume, stoidiiometric relationships and order of addition 

20 of chemicals. Thus, one may chose to **combinatorialize" the polymerization reaction 
conditions for a single catalyst library. Optional steps in this example coordination 
polymerization combinatorial process include a primary screen prior to screatiing in 
the parallel polymerization reactor. A primary soreen may, for example, comprise an 
optical screen under polymoization conditions that simply determines which 

25 memb^ of the catalyst library have any activity. Another optional st^ is to furthOT 
characterize the resultant polymers formed in the parallel polymerization reactor. 
Such further screening may employ a rapid Uquid chromatography and/or li^t 
scattering system, such as those described in U.S. Provisional Application No. 
60/080,652, filed April 3, 1998, which is incorporated herein by reference. Such a 

30 further screen may also detmnine the physical or melt flow prop^es of the resultant 
polym^, such as with a s»sor-array based systma such as is disclosed in U.S. Patent 
Application No. 09/210,485, filed December 11, 1998, which is incorporated hereui 
byreferaice. 
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Thus, the flexibility of this invention can be seen by those of skill in the art 
from the variety of options that a complete system offers, including choosing starting 
components (e.g., ligands and metal precursors), choosing reaction or coordination 
routes for the creation of catalyst libraries, choosing screening reactors and reaction 

5 conditions and choosing characterization methods and apparatus. 

In other embodiments, this invention discloses methods for rapidly forming 
polymer product libraries from at least an initiator and a monomer. A variety of 
monomers and initiators can be chosen, along with other polymerization additives, 
such as solvents, co-initiators, modifiers, svirfactants, etc. Those of skill in the art 

10 know of such additives. A parallel reactor is used for the reaction and the parallel 
reactor may have internal sensing capabilities providing real time ptoperty 
characterization for certain properties, such as viscosity. The parallel reactor may also 
provide the ability to vary reaction conditions from one reactor vessel to another so 
that the polymerization conditions may be combinatorialized. The polymer libraries 

15 may then be further characterized using rapid polymer characterization techniques. 
Thus again, the flexibility of this invention can be seen by those of skill in the art 
from the variety of options that a complete system offers, including choosing 
initiators, choosing monomers, choosing methods and conditions of reaction for the 
oreation of polymer libraries, and choosing characterization methods and apparatus. . 

20 In this manner a complete combinatorial polym^ discovery or optimization research .fr 
and development program may be undertaken. 

As discussed herein th»e are three fundamental types of libraries: a ligand 
library, a catalyst library and a product library. The three types of libraries may or 
may not be used in the same ^bodiment of the invention. 

25 A ligand library is a library comprised of member ligands. Typically , a ligand 

library has chemical diversity. As used herein, chonical diversity within the ligand 
library is divided up between a variety of scaffolds and stmctural diversity elements. 
Referring to Figure 1 A, member ligands 100 of the ligand library 10 include a 
scaffold 120, which tiiose of skill in the art may also refer to as a backbone. There is 

30 at least one scaffold in a parent ligand library. However, there may be 2, 3, 4, 5 or 
more different scaffolds in a ligand library. The niraiber of scaffolds will depend on 
how the library was formed or how the library was stored. If, for example, ligands 
from different ligand synthesis procedures were stored together as a single library, the 
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ligand library will be the result of this combination and any number of desired ligand 
scaffolds may be included in the ligand library. 

Also, thare is a plurality of different ligands in a ligand library. Thus, if there 
is one scaffold there are typically at least four or five different structural diversity 

5 elements off of the scaffold. Referring to Figure 1 A, the structural diversity elements 
140 are shown as R^oups. The member ligands in the ligand library are t3^ically 
stored or provided in a spatially addressable format, meaning that each ligand is 
separated jfrom the otihers. However, pooled ligand libraries may also be used if 
catalytic activity can be separated to detamine which catalyst caused certain obsCTved 

10 activity, such as with a tagging or coding technique. See, e.g., U.S. Application No. 
09/033,207, filed March 2, 1998, which is incorporated herein by reference. 

Thus, the ligand library 10, shown in Figure IB, may include li^nd members 
having one scaffold in diff^rat colximns, Bl, B2, etc. along the B direction and may 
have differing stractural divarsity m different rows Al, A2, etc. along the A direction. 

15 In one ^bodiment of the present invention, the ligand library 10 is made up of a 
plurality of m^ber ligands 100 that have a common scaffold with each m^iber 
ligand being structurally diverse, as r^esented by the diffarrat positioning of 
groups 140 on scaffold 120 in Figure 1 A. In that embodiment, using the 
representation in Figure IB, only one cohmm, e.g., B 1 , would be present in tihe patent 

20 library. In another embodiment, the ligand library is made up of memb^ ligands 
having different scaffolds, wherein the ligand members in a scaffold group are 
structurally diverse, meaning B 1, B2, B3, etc. are present in the ligand library. Of 
course, the ligand library may also include standards, blanks, controls or oHxer 
members that are present for other reasons. Also, the Ugand library may have two or 

25 more members that are identical as a redundancy option or when reaction conditions 
are to be combinatorialized. The member ligands of flie ligand library are preferably 
soUds so that the ligand library may be easily stored, however, the ligand libraries 
may also be stored in solution. WhCTi a solid phase stored ligand library is going to be 
used to create catalyst libraries, tiie solid membex ligands may be dissolved in a 

30 suitable solvent 

There are many possible example ligand libraries. Sev»:al ligand libraries 
have been described in detail in copending, commonly assigned U.S. patCTt 
applications, including U.S. Application No. 09/037,162, filed March 9, 1998; U.S. 
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AppUcationNo. 09/119,318, filed July 20, 1998; U.S. AppUcationNo. 09/062,128, 
filed April 17, 1998; U.S. AppUcationNo. 09/168,772, filed October 8, 1998; and 
U.S. Application No. 09/146,206, filed September 2, 1998. Each of these applications 
is incorporated herein by reference for all purposes. 

5 The ligand library may be created by combinatorial chemistry methods similar 

to those that are described in co-pending U.S. patent application no. 08/327,513 *The 
Combinatorial Synthesis of Novel Materials'* (published as WO 96/1 1878) and co- 
pending U.S. patent application no. 08/898,715 "Combinatorial Synthesis and 
Analysis of Organometallic Compounds and Catalysts" published as WO 98/03251), 

10 which are both herein incorporated by reference. Ofliers have disclosed methods for 
preparing enormous libraries of ligands. See for example U.S. Patents 5,143,854, 
5,424,186 and 5,288,514 and WO 92/10092, each of which are incorporated herein by 
reference. The method of synthesis of a parent ligand library is not critical to this 
invention. Indeed in some embodiments, ligand libraries may be purchased. One or 

15 more ligand libraries may be stored and retrieved fix>m a storage radc for transfer to 
either the daug^tering station or a diluting station or a dissolution station, as discussed 
below. Such retrieval and transfix to another station may be automated using known 
automation techniques, such as those disclosed in WO 98/401 59, incorporated herein 
by reference. Robotic ^paratus is commercially available, for example from Cavro, 

20 Tecan, Robbins, Labman, Bohdan or Packard, which are companies that those of skill' 
in the art will recognize. 

One option for the OTeation of the ligand library is shown in Figure 2. Ligand 
precursors 20 are formed into a parait ligand library 10. The parait ligand library 10 
is initially tested at a preliminary testing station 30 to determine if the desired ligand 

25 members have been synthesized successfully. There may be bulk manufacturing 40 
and bulk storage 50 of the parent ligand library, so that each member is made in 
greater quantities and optionally stored for future multiple testing of the same parent 
library ligand members in difBa-ent reactions of interest or imder different reactions 
conditions or for combining with different metal precvirsors or activators or modifiers. 

30 In embodiments using bulk manufacture and storage, the ligand members in the ligand 
library may be in solid form. The solid ligand members are typically dissolved or 
diluted in a suitable solvent in a dissolution or dilution step 60 to. provide the parent 
ligand library 10 with member Ugands 100 in a liquid form at point 70 in Figure 2. 
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Dilittion or dissolution may be manual or automatic, such as with known liquid 
handling robots. Other processing conditions of dissolution or dilirtion may also be 
controlled, such as using a glove box for an in^ atmosph^e during dilution or 
dissolution. The temperature of the operation may also be controlled by providing a 

5 heatmg/cooling block, such as that disclosed in commonly assigned U.S. Application 

09/ , filed Novemb» 19, 1998 (having attorney docket no. 65304-014) and * 

incorporated herein by refarCTce. In other embodiments, the ligand library is provided 
in a liquid form, for example with each ligand stored in a separate vial. In those 
embodiments, the parent ligand memb^s may be stored in a Adal having a septum that 

10 can be penetrated by a needle that may be on a robotic arm of known liquid handling 
robots. Optionally, as shown in Figure 2 also, the bulk steps or storage can be 
eliminated so that the parent ligand library 10 goes directiy ftom synthesis to poird: 70 
in Figure 2, 

The next type of library is a catalyst library, which is a collection of 
15 pot^tially catalytic compounds or compositions. The members are potmtially 
catalytic dep^iding on the reaction of interest, i.e., a memb^ may be active in one 
reaction of interest, but inactive in a difforent reaction of interest The catalyst library 
is formed from the combination of ligands and metals. The catalyst library may be 
formed fix>m the combination of a ligand library and a metal precursor. In otiier 
20 embodimeats, the catalyst library is formed from the combination of a metal precursor 
library and a ligand. For example, combining comprises adding at least one li^nd 
mraober from the ligand library to at least one metal precursor. More typically , at 
least four ligand members, at least 10 ligand members, at least 25 ligand members, at 
least SO ligand members or at least 96 ligand mraibers are provided tiiat are each 
25 combined with at least one metal precursor. Also for example, combining comprises 
adding at least one metal precursor member from a metal precursor library to at least 
one ligand 

There are a number of methods for combining metal precursors with the ligand 
members of the library. In some embodiments, the same metal precursor is added to 
30 the ligand members (whether the members have differmt scaffolds or not) or different 
metal precursors are added to different ligand library members. In otiier 
embodim»ts, a different mdal precursor is combined witii each member ligand 
having a different scaffold such that the number, of different metal precursors is equal 

10 
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to the number of different scaffolds. In still other embodiment, different metal 
precursors are added to ligand memb^ having different stroctural diversity elements. 
Combining different metal precursors with differmt ligand library monbers provides 
the opportunity to try different routes for the formation of the same or similar metal- 

5 ligand complexes or compositions. In oth^ embodiments, the ligand members will be 
mixed with a suitable metal precursor prior to or simultaneous with allowing the 
mixture to be contacted to the reactants in the next library or testing phase of the 
invention. When the ligand member is mixed with the metal precursor, a metal-ligand 
complex may be formed, which may be a catalyst. 

10 Metal precursors may take the form of a metal atom, ion, compound or other 

metal precursor compound. In some embodiments, the member ligands may be 
combined with a metal precursor and the product of such combination is not 
determined, if a prdduct forms at all. For example, the ligand member may be added 
to a reaction vessel at the same time as the metal or metal precursor compound along " 

15 with additional reactants in the reaction of interest As such, the result of the 

combination is not detmnined. The metal precursors may be characterized by the 
general formula M(L)n where M is a metal selected from the group consisting of 
Groups 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 and 14 of the Periodic Table of Elements. 
Specific metals include Sc, Y, La, Ti, Zr, Hf, C, Nb, Ta, Cr, Mo, W, Mn, Re, Fe, Ru, . 

20 Os, Co, Rh, Ir, Ni, Pd, Pt, Cu, Ag, Au, Zn, Cd, Al, In, Tl and Sn. L is a metal-ligand :l 
diosen from the group consisting of halide, alkyl, substituted alkyl, cycloalliyl, 
substituted cycloalkyl, heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted 
aryl, heteroaryl, substituted heteroaryl, alkoxy, aryloxy, hydroxy, boryl, silyl, hydrido, 
thio, seleno, phosphino, amino, and combinations thereof. When L is charged, L is 

25 selected from the group consisting of hydrogen, halogens, alkyl, substituted alkyl, 
cycloalkyl, substituted cycloalkyl, heteroalkyl, heterocycloalkyl, substituted 
heterocycloalkyl, aryl, substituted aiyl, heteroaryl, substituted heteroaiyl, alkoxy, 
aryloxy, acetoxy, silyl, boryl, phosphino, amino, thio, seleno, and combinations 
thereof. When L is neutral, L is selected from the group consisting of carbon 

30 monoxide, isocyanide, dibenzylideneacetone, nitrous oxide, PA3, NA3, OA2, SA^, 
SeA2, and combinations thereof, wherein each A is independently selected from a 
group consisting of ialkyl, substituted alkyl, heteroalkyl, cycloalkyl, substituted 
cycloalkyl, heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl, 

11 
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heteroaiyl, substituted hetearoaiyl, alkoxy, aiyloxy, silyl, and amino. The ligand to 
metal precursor ratio is determined by the research program of interest, and for 
example may be in the range of about 0.01 :1 to about 100:1, or more specifically in 
the range of about 0,5:1 to about 20:1. 

5 Depending on the ligand library, it may be necessary to additionally combine a 

ligand modifier 208 with m&nher ligands 202 of the ligand libraries, as shown in 
Figure 2. If there are different ligand modifier 208, ttiey may be in a ligand modifier 
library 210 and may be added to Ihe ligand libraries 200 at the same time as the metal 
precursor(s) or prior to serve to produce modified ligand libraries before combining 

10 the ligand mraibers with the metal precursors to achieve the desired target catalysts. 
The piirpose of a ligand modifier is to allow or assist the ligand to coordinate to or 
bond with a metal atom, ion or precursor. The ligand modifier is gCTierally a 
dq)rotonation agent that modifies the ligand at the position(s) where the ligand 
coordinates to or bonds with the metal atom, ion or precursor. Ligand modifiers 

is include deprotonating agcots such as alkyl lithium compounds (such as methyl 
lithium or butyl lithium) and lithium diisopropyl amine. Those of skill in the art 
know many ligand modifiers that are usefiil m this invention. 

Another option in forming the catalyst libraries is to provide an activator. 
When there is more than one activator, the activators may be provided in an activator 

20 library 214. The activator or activating technique includes the use alumoxanes^ strong 
Lewis adds, compatible noninterfering activators and combinations of the foregokig. 
The foregoing activators have beat taught for use with metal complexes in the 
following refi^nces, which are hereby incorporated by reference in their mtirety: 
U.S. Patents 5,599,761, 5,616,664, 5,453,410, 5,153,157, 5,064,802 and EP-A- 

25 277,004. 

There are a number of methods for combining the ligand modifiers or 
activators with the ligand libraries and metal precursors. In some embodiments, the 
same ligand modifiers or activators are added to the members of the dau^ter library 
(whethOT the members have different scaffolds or not) with the metal precursor. 
30 Alternatively, different ligand modifiers or activators are added to different ligand 
libraries. In other embodiments, a different ligand modifier or activator is combined 
with each member ligand in the ligand libraries having a different scaffold such that 
the number of diffearmt ligand modifi^ or activators is equal to the number of 

12 
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diffi^reat scaffolds for each memb^ ligand. In still other embodimeat, different ligand 
modifiers or activators are added to daughter hbrary members having different 
structural diversity elements* Combining differ^t ligand modifiers or activators with 
different ligand members provides the opportunity to try different routes to the 
5 formation of the same or similar catalyst libraries. 

Thus, fcombining ligands, metal prec\irsors, optionally ligand modifiers and 
optionally activators (or activating techniques) provides those of skill in the art 
powCTful options for following different chemical routes for the formation of the same 
or a similar catalyst. The use of different chemical routes to the same or similar 
10 catalyst in combinatorial materials science may minimize the chances of missing an 
active catalyst for a reaction of interest. One specific example of the use of different 
chemical routes for formation of the same or similar polymerization catalysts is in the 
field of cationic metallocene catalysts stabilized by compatible anions (see e,g,, U.S. 
Patent No. 5,599,76 1 or 5,8 1 7,849, both of which are incorporated herein by 
15 reference). One route to the formation of such catalysts is through the use of ion 

exchange activators. A second route is throu^ the use of Lewis Acids. A third route 
is through the use of oxidative activators. The result of each route is an active catalyst 
having substantially the same structure, which produces substantially the same result 
under similar polymerization conditions. 
20 A third type oflibrary is a product library. A product library is the result of 

running a reaction of interest Starting components are added to a reactor and a ' 
reaction of interest is run to form the product members of the product library. A 
product library obtains its diversity either by chemical diversity in the starting 
components or by process diversity or both and both types of diversity are discussed 
25 above. Thus, a product library may be the result of testing a catalyst library in a 
reaction of interest run under the same or different process conditions. A product 
hbrary also may be the result of beginning with the same starting components and 
testing those components under different processing conditions. Specifically not 
within the scope of this invention is the formation of product libraries having 
30 members that are biological polymers, such as polymers made fi-om alpha amino acids 
and nucleotides. Examples of polymers that may be members of a product library 
include homopolymers, copolymers or higher order polymers like polyethylenes, 
polyurefhanes, polyesters, polycarbonates, polyacetates, polystyrenes, polyamides, 

13 
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and the like. 

Starting componrats for forming a product library are those componraits 
needed for performing flie reaction of interest. Reactions of interest include those 
selected from liie group consisting of carbonylation, hydroformylation, 
5 hydroxycarbonylation, hydrocarbonylation, hydroesterification, hydrogaiation, 

transfer hydrogenation, hydrosilylation, hydroboration, hydroamination, epoxidation, 
aziridination, reductive amination, aiyl amination, polymerization^ oligomerization, 
C-H activation, ins^on, C-H activation-insertion, C-H activation-substitution, C- 
halogen activation, Ohalogen activation-insertion, C-halogen activation-substitution, 
10 cyclopropanation, alk^e metathesis, and alkyne metatesis. Those of skill in the art 
know what starting components are needed for eadi of these types of reactions. 

Starting componCTAs include catalysts, ligands, metal precursors, lig^d 
modifiers and activators as discussed above. Starting components also include 
monomers, solvents, initiators, scavenge and surfactants/emulsifia:^. Starting 
15 components that are monomers that have at least one addition-polymmzable 

unsaturated bond, including olefins, diolefins, allyl esters, vinyl ethers, vinyl est^, 
vinyl heterocyclic compounds, stryrenes, halogmated olejBns, crotonic adds, vinyl 
ketones, itaconic adds and esters, unsaturated nitriles, acrylic or methacrylic adds and 
esters, acrylamides and methacrylamides and combinations thereof (see, e.g., U. S. 
20 Patent No. 5,244,763, incorporated herem by reference). Example of solvents include 
polar and non-polar solvents and ionic solvents and may include alkanes, heterocyclic 
compounds, chlorinated compounds, water, and combinations thereof. Surfactants 
may be cationic, anionic, zwitterionic or non-ionic, including combinations thCTCof. 
Initiators may initiate a cationic, anionic or free radical reaction, and include inorganic 
25 salts, peroxy compounds and the like (see, e.g., U.S. Patent No. 5,594,047, which is 
incorporated herdn by reference). For example, for coordination polymerization, the 
starting materials inchide monomers, solvent, catalyst libraries (either activated or 
not) and scavengers. Also for example, for a free radical polymerization, the starting 
componoits comprise at least an initiator and a monomer. Other starting components 
30 include co-initiator, co-monomm, solvents, sur&ctants, emulsifiers or otha 

additives. In forming a product library, the starting materials may be varied with 
respect to eadi other in terms of volume, moles or mass. In varying the starting 
matmals, the types of ratios that can be varied include monom^ to initiator, 
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monomer A to monomer B; solvent to monomer, surfactant to initiator; catalyst to 
activator; and combinations thereof. 

The product library has different members possibly as the result of 
combinatorializing the process variables in the reaction of int^est. Process variables 

5 that may be combinatorialized include the amounts (volume, moles or mass) and 
ratios of starting components, time for reaction, reaction temperature, reaction 
pressure, rate and/or method of starting component addition to the reaction (or 
reactor), residence time (i.e., rate and/or method of product removal from the reaction 
or reactor), reaction stir rate and/or method, reaction kill rate and/or method, reaction 

10 atmosphere and other conditions that those of skill in the art will recognize. The 
product libraries are created using one of the parallel reactors discussed below, 
including the parallel solution reactor, the continuous feed reactor, the multi- 
temperature reactor block, the parallel batch reactor or another parallel reactor tiiat 
may be known such as in U.S. Patent No. 4,099,923, which is incorporated herein by 

15 reference. 

Therefore, those of skill in tiie art. will appreciate the vast number of different 
possible combinations of ligands, metal precursors, modifiers, activators or other 
starting components that may be combined together to form the catalyst libraries. In 
addition, this combination methodology may be combined with combinatorializing of 

20 various reaction conditions, including different starting component ratios, different 

temperatures, solvents, pressures, mixing rates, times, order of addition of chemicals - 
or atmospheres to form vastiy different product libraries. For example a multiple 
t^perature reactor block, such as discussed below, may be used to provide different 
temperature and pressure options. Also optionally, the combining of ligands 202, 

25 metal precursors 204, modifiers 208 or activators 212 may take place in the reactor 
being used for the reaction of interest. Combining may be done just before the 
reaction of interest or may be done well before the reaction of interest. 

In the methodology of this invention, a library is screened for a property or 
compound of interest. Depending on the embodiment being practiced, the screen may 

30 look for the existence of a particular compound or for a particular property. For 

example, when free radical poljmaerization is the reaction of interest, the screen may . 
look for molecular weight or particle size. Also for example, when aryl amination is 
the reaction of interest, the screen may look for the amine that the reaction is intended 
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to foim. The screeiiing may take place as the reactioa of interest is being perfonned. 
As used herein, "screening** refers to testing a library for one or more properties or 
compounds or matmals. Also as used herdn, "reaction" refers to a ch^nical 
transformation (e.g., amination or polymerization). A screoi may be combined with a 

5 reaction of interest, but the two may also be separate. For example, polymerization 
reactions p^ormed in stirred tank parallel polymerization reactors are both a reaction 
and a screen because a polymerization reaction is performed and catalyst activity can 
be monitored by gas monomer uptake or by temperature increase or by an in-reactor 
sensor or by lag in a stirrer, providing testing of the properties of the catalyst or 

10 polymer. Also for example, a polymerization reaction performed in a batch reactor 
block would be consid^ed to be only a reaction of interest if there is no monitoring as 
the reaction is proceeding. Also for example, nuclear magnetic resonance (NMR) or 
gas chromatography (GC) and mass spectrometry (MS) are only screens because th^ 
determine the results of the reaction of interest, which was performed in a separate 

15 reactor. 

Each of the three types of libraries may be stored in a liquid or solid state and 
retrieved from storage for combining, daughtering, nmning in the reaction of int^est 
or screoing or combinations thereof Libraries are preferably stored in a storage rack 
that holds the libraries separately from each other. Libraries may be retrieved from 

20 storage dthermaniiaUy or automaticaUy,ming known automated robote^ Specific 
robots usefril for retrieving sudi stored libraries include systems sudi as those 
marketed by Aurora Biosciences or otha known robotic vendors. If the libraries are 
stored in the solid phase, tiie members typically require dissolution, which is 
poformed at a dissolution station, which may be the combining station (discussed 

25. below) or may be in addition to the combining statioiL A dilution station is a location 
where the library members are dissolved in a suitable solvent for use ia either the 
reaction of interest or in a screai. 

Also, each of these types of libraries may be daugjitered into one or more 
daught^ Ugand libraries, daughter catalyst libraries or daughter product libraries, 

30 respectively. A daughter library is created from the parent library at a daughtering 
station by taking one or more aliquots from one or more members in the parent 
library, whorein an aliquot is a definite fraction of a whole. This process is referred to 
as ''daughtering.'' Literally, a liquid pipette, operated either manually or automatically 
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(e.g., robotically)» draws a bit of a mCTiber from the parent library and disp^es that 
aliquot into another container to give a daughter library member. A limited number of 
members of the parent library may be daughtered or all the members may be 
daughtered at least once to create one daught^ library. Thus, a daughter library may 

5 be smaller than the parent library in terms of either mass, volume or moles and/or in 
terms of the numb^ of m^ibers. In other embodiments, the members of the parent 
library are maintained in a solid form. During the daughtering process known solid 
handling equipment and methods are used to take the aliquot from the parait library to 
created the daughter library, which will have members that are also solids. Thereafter, 

10 it may be necessary to dissolve the members of the daughter libraries in a solvent 
Daughtering is performed in order to provide multiple libraries for multiple reactions 
of interest or multiple screens without having to recreate the parent library. 

Optionally a filtering station is provided, which is preferably a parallel 
filtering station. The filtering station is usefiil to filter off solid phase agents or 

15 products from liquid products or precursors. For example, in some embodiments the 
metal precursors will be provided in solid-phase form, such as the solid phase metal 
delivery agents disclosed in commonly assigned U.S* Patent Application No. 
09/025,841, filed February 19, 1998, incorporated herein by reference. The solid- 
phase metal precursors allow fr)r synthesis of the catalyst libraries in the solution 

20 phase and then filtmng off the solid-phase metal precursor. A filtering station 

provides for ease in the synthesis of the catalyst libraries or the ligand libraries. The - 
ligands, metal precursors, ligand modifiers or activators may be provided in the solid 
phase (e.g., on a bead or other support) allowing for ease in ligand or catalyst 
preparation. Solid phase combinatorial synthesis of ligands is well known. See, cg.^ 

25 Ellman et al., "Solid-Phase Synthesis: Applications to Combinatorial Libraries", 
Annu. Rep. Med. Chem,, 1996, 31, pp. 309-318; Rees et al. "Solid-Phase Organic 
Reactions: A review of the Recent Literature", Tetrahedron^ Vo. 52, No. 13, pp. 4527- 
4554, 1996; and Kaldor and Siegel, "Combinatorial chemistry using polymer- 
supported reagents". Currents Opinion in Chemical Biology, 1997, 1:101-106; each of 

30 which are incorporated herein by reference. Solid phase agents or reagents in 

association with combining generally allows for the use of excess agents or reagents, 
ease of purification or work-up and automating the process. 

Reactions of interest rnay be performed in a parallel reactor chamber or a 

17 



SUBSTITUTE SHEET (RULE 26) 



wo 00/40331 




PCT/USOO/00418 



parallel reactor blodc Looking first at reactors that also contain so'eening 
capabilities, parallel reactors that are useful with this invention include a parallel 
solution reactor with intmial sensing as disdosed in U.S* Patent Application No. 
09/177,170, filed October 22, 1998 and its improved version, U.S. Patent Application 

5 No. 09/21 1,982, filed December 14, 1998 (having attorney docket no. 65304-059). 
This reactor includes internal sensing and thus is also a screen. This parallel reactor 
allows for the variation of several difTerent processing conditions, and therefore 
allows one to combinatorialize reaction conditions or proems variables. For example, 
a mechanical resonator (e.g., a tuning fork) may be the sensor that detects product, 

10 compound, reactant or reaction properties. In another embodiment the parallel reactor 
may be a closed chamber with a tuning fork in the reactor, as disclosed in U.S. Patent 
Application No. 08/946,921, filed October 8, 1997, which is mcorporated herein by 
refermce (published as WO 98/15501, which is also incorporated herein by 
refermce). 

15 Another parallel reactor that also includes screa[iing capability is an optical 

screen, using infirared (TR) thermography or Fourier Transform Infirared (FTZR) 
spectroscopy or visible light or other optical viewing as disclosed in copending U.S. 
Patent AppUcation 08/946,135, filed Octobw 7, 1997, (published as WO 98/15815) or 
in copoiding U.S. Patent Application 08/947,085, and filed October 8, 1997, 

20 (published as WO 98/15805). These applications are incoiporatedherdn by 

refermce. Using an optical technique typically mtails insoting the starting matmals 
(e.g., catalyst library memha with reactants or initiator with monomer) in an array 
format into a chamber (for example, a vacuum chamber or a chamber pressurized with 
reactant monomer or a chamber pressurized with an mert gas). The reaction of 

25 interest is performed in parallel in the chamber using a plate having multiple wells for 
the catalyst members or starting materials for the product members (such as a 
microtitCT plate, for example). The chamber has a window that is invisible to the 
optical camera (e.g., calcium fluoride or saphire crystal for an IR camera). As the 
reaction of interest is carried out, titie optical camera monitors the reaction with active 

30 catalyst or polymer membors meeting a specified property or characteristic. 

Alternatively, for example, a dye may be inserted into the reactor vessel array and the 
camera may monitor a color diange. Also for example, an IR camera may monitor 
heat of reaction for exoliienmc reactions. 
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Another reactor/screen is related to thin layer chromatography (*TLC"), as 
described more fully in U.S- Patent Application No. 09/149,586, filed September 8, 
1998, entitled "Sampling and Analysis of Reactions by Trapping Reaction 
Components on a Soibent," incorporated herein by reference. In TLC screening, a 

5 reactant is added to the members of the catalyst library, thereby causiag a reaction. A 
thin layer of sorbent is disposed on the plate, so as to cover the wells containing the 
catalysts. Vapor product resulting from the reactions then contacts the sorbent in 
discrete areas (heating may be necessary). In some cases, visual inspection is 
sufficient to determine active catalysts. But, a use of a commercially available 

10 florescent indicator reagent may be sprayed onto the sorbent, with the sorbent being 
exposed to ultra- violent light. A charge-coupled device camera or spectrum anal3^er 
then captures intensity readings of the products on the sorbent to indicate which 
particular catalysts are desirable for those reactions. 

Turning to reactors that do not include screening, other parallel reactors useful 

15 in this invention include a miilti-temperature parallel reactor as disclosed in U.S. 

Patent Application No. 09/417,125 filed November 19, 1998 (having attorney docket 
no. 65304-014) and a continuous feed parallel reactor as disclosed in U.S. Patent 
Application No. 09/205,071, filed December 4, 1998 (having attorney docket no. 98- 
32). These applications are incoiporated herein by reference. These reactors typically 

20 include the ability to combinatorialize certain process variables, such as temperature, ; 
time, feed rate, mixing rate, etc. Of course, the reactants, catalysts, initiators, etc. can ; 
also be modified or combined in different amounts (different moles, volume or mass). 
Another parallel reactor nsefiil in this invention is a parallel batch reactor. Such a 
reactor is shown in Figure 3. Figure 3 shows a batch reactor 300 having a reactor 

25 block 302 with a plurality of wells 304 for receiving a plurality of reactor vessels 306. 
To seal the reactor vessels 304, a sheet 308 is placed over the top Up of the plurality of 
reactor vessels 306 and a top plate 310 is fastened to the reactor block 302. Fastening 
may be by bolts, clips, clamps, wing nuts or other fastening metiiods known to those 
of skill in the art. Bolts 3 12 are shown in Figure 3 as the fastening method and the 

30 bolts 3 12 are screwed into threads drilled into the reactor block 302. Materials usefid 
as the reactor block and top plate include aluminum, steel or other metals, with 
aluminum being preferred for its thermal transfer properties. The reactor vessels 306 
may be plastic or glass, with glass being preferred. The sheet 308 is typically made 
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from a material that is chemically resistant to the reaction of interest taking place in 
the reactor vessels as well as bemg elastic for its sealing properties. The sheet 308 
may be selected from the group consisting of Teflon®, silicone nibb», Vitron®, 
Kalrez® or equivalents. Parallel batch reactors of this type are useful for the reactions 
5 of interest discussed above, and may be heated. Mbdng/stirring balls may be added to 
the parallel batch reactor, which may then be placed on a rocking or rotating plate 
fixed with a heating elemMit for mixing and heating the reaction contents. 
Alternatively, magnetic stirr^ may be placed in the vessels and the reactor block 
may be placed on a heater/stirrer plate to afford agitation and heating. Known liquid- 
ID handling robots may be used to dispense reactants, etc. into the batch parallel reactors, 
but manual dispensing may also be vised. 

Screens may be performed after the reaction of interest has taken place. Such 
screens are typically for a property or a chemical of interest In addition to the screens 
discussed above, screens include solid-phase staining, as disclosed in U.S. Patent 
15 AppUcation No. 09/067,448, filed April 27, 1998, whidi is incorporated herein by 
reference. Solid-phase staining uses stains to determine if a desired chemical 
transformation has taken place by either observing a color change or the lack of a 
color change in a dye that is inserted into the reaction of interest Parallel TLC may 
also be used as a screen in this invention, as disclosed in U.S. Patent Application No. 
20 09/062,128, filed April 17, 1998, which is mcorporated herein by reference. A 

depolarized light scattering array may screen tihe reactions of interest in an apparatus 
and method disclosed in U.S. Patoit Application Ko. 09/174,986, filed October 19^ 
1998, which is incorporated herein by refer«:ice. Also, rapid thennal analysis, using a 
sensor array may be used, as disclosed in U.S. Pat^t Application No. 09/210,485, 
25 filed December 1 1, 1998 (having attorney docket no 65304-039), which is 

incorporated herein by reference. Those of skill in the art will recognize that NMR, 
GC/mass spectrometry, and LCI/mass spectrometry, which are commercially available, 
may also be used for screening product libraries. Finally, rapid polymer 
characterization techniques may be used, as discussed in U.S. Provisional Patent 
30 AppUcation No. 60/080,652, which is incorporated herein by reference. 

One method and system disclosed herdn utilizes a parent ligand Ubrary having 
a pluraHty of member ligands as an initial starting point in generating one or more 
catalyst libraries. In some embodiments, an important feature of the parent ligand 
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libiBiy is chemical diversity within the library. This invention will allow such 
chemically diverse ligand spedes to be tested parallel. In other embodiments^ a single 
or few ligands will be used repeatedly in a variety of reactions under a variety of 
conditions for optimization of a reaction with a particular catalyst. With the parent 

5 ligand library provided, the next step is optional and entails forming one or more 
daughter libraries 200 from the parent library 10, as shown in Figure 2. Literally, a 
liquid pipette, operated either manually or automatically (e.g., robotically), draws a bit 
of liquid member ligand 100 from the ligand library 10 at point 70 and dispenses that 
aliquot into another container to give a daughter library member ligand 202. Point 70 

10 in Figure 2 can be considered a daughtering station. In accord with this invention, a 
portion of the ligand library 10 may be daughtered at least once to create one daughter 
library 200. Thus, creation of the one or more daughter libraries 200 may be only for 
a portion of the ligand library 1 0 member ligands 1 00. More typically, however, each 
memb^ of the ligand library is daughtered to one or more daughter libraries 200, as is 

15 shown in Figure 2. After the daughtering step, the daught^ libraries 200 may be 
dried or stored in a maimer sin:iilar to the parent ligand libraries. In other 
^bodiments, tibie member ligands 100 of the ligand library 10 are maintained in a 
solid form. During the daughtering process known solid handling equipmCTit and 
methods are used to take the aliquot from the ligand library to created die daugjbter ^ 

20 library, which will have members that are also solids. Thereafter, it may be necessaiy^^ 
to dissolve the member ligands 202 of the daught^ libraries 200 in a solvent. Hie - 
dau^tering process is optional because one may go direcdy from ligand synthesis to 
catalyst formation; however, this has the disadvantage of using the entire ligand 
library, meaning that the member ligands in the ligand library must be re-synthesized 

25 for experimentation beyond the first reaction or screening experiment. 

Once the daughter libraries are formed (or using the ligand library), and 
continuing with Figure 2, one or more metal precursors 204 are added to at least a 
portion of the members 202 of the daughter libraries 200 to create one or more 
libraries of target metal-ligand complexes, e.g., catalyst libraries 220. Combining 

30 may take place at one or more daughtering stations or one or more combining stations. 
Each of the components or members or libraries to be combined is provided at the 
daughtering or combining station and known robotic techniques may be used to 
transfer such components to the daughtering or combining station. Anoth» option 
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shown in Figure 2 is to create dau^ter catalyst libraries 222 from the catalyst library 
220 by taking one or more aliquot from the catalyst library. This rhay be done at a 
daught^iag station after at least the metal precursors and ligands have been 
combined, with or without ligand modifiers or activators. This catalyst daughtering 

5 option may also be used when different activating options are being researched for the 
same ligand metal precursor combinations. Additionally, this option may be desirable 
when the same catalyst library will be tested for diffiarent reactions of intwest or whoi 
the same catalyst library will undergo the same reaction of interest at different 
reaction conditions, siich as with an optimization research and development program. 

10 Once the catalyst libraries 220 or daughter catalyst Libraries 222 are prepared, 

the members 221,223 are subjected to a reaction of interest at either a reactor station 
or a screening station. Reactions of interest may be performed in parallel or in a soial 
fashion. Different reactions of interest may be performed on daughter catalyst 
libraries or catalyst libraries. Referring again to Figure 2, the catalyst library 220 may 

IS follow path X and be daughtered as discussed above into daughter catalyst libraries 
222. Path X shows a research path including either (1) reaction with s(»:eening or (2) 
reaction and subsequent screening. Each catalyst library 220,222 is tested in a 
reaction of interest at a reaction station 80 to create one or more product libraries 224. 
In parallel or serial fiishion, the reactants are added to the reactor with the catalyst 

20 mCTibers and the reaction is performed under predeternmed con<^ If a reactor is 
chosen with sensing capabilities, th» soreening may take place during tihe reaction. 
After the reaction, the results may be tested in post reaction screening 90 for a 
property or a compound or a material. For example, if a small molecule 
transformation, sudi as aryl amination, is the reaction of interest th^ staining may be 

25 used to determine if the transformation has occurred by choosing a stain appro|»iate 
for the product or reactant. 

Pafli Y in Figure 2 shows a research path having multiple reactions and 
screens. The catalyst library 220 is daughtered into daughter catalyst libraries 222 
with the daughter libraries each being screened in a primary screen 1 1 0, A primary 

30 screen is one that runs the reaction of int^^t, and provides sufficient data to 

determine at least wheth^ a catalyst member was active in the reaction of interest or 
whether a product of interest was formed in the reaction. A primary soreen may be 
one where the catalysts or products are not separated from each other, but subjected 
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together to the reaction of interest in a parallel optical screen. For example, if the 
reaction of interest is the polymerization of ethylene, the primary screen may be a 
chamber that allows ethylene to contact all catalyst library members simultaneously. 
The active catalysts may be identified fixim the inactive or less active catalyst by 

5 encoding the catalyst members of the catalyst library, as disclosed in copending U.S. 
Patent AppUcation No. 09/033,207, filed March 2, 1998, which is incorporated herein 
by reference. The primary screen may be an infrared screen that identifies active 
catalysts by heat of reaction, such as disclosed in copending U.S. Patent Application 
08/946,135, filed October 7, 1997, which is incorporated herein by reference 

10 (published as WO 98/1 58 1 5, which is also incorporated herein by reference). The 
primary screen may be another optical technique to determine if a product has been 
made; for example, if the reaction of interest is an emulsion polymerization, the 
optical screen may determine if an emulsion was created. Useful optical techniques 
are disclosed in copending U.S. Patent Application 08/947,085, and filed October 8,' 

15 1997, which is incorporated herein by reference (published as WO 98/15805, which is 
also incorporated herein by reference). Another possible primary screen is a parallel 
thin layer chromatography system, as disclosed in 09/062,128, filed April 17, 1998 
and incorporated herein by reference. Other primary screens may be known or 
developed by those of skill in the art for specific reactions of interest 

20 Any screen may be a primary screen, however, the object of having a primary 

screen is to eliminate some of the members 221, 223 of the catalyst libraries or 
daughter catal}^ libraries fix)m fiirther, more detailed testing. Since an enormous 
number of ligands and metal precursors are typically being combined in differ^ 
routes, it mky be that one route is not applicable for a particular metal 

25 precursor/ligand combination. A primary screen would eliminate such an inapplicable 
route at a lower cost than a screen that provides more detailed information. As such 
primary screens are designed to quickly, effectively and/or efficiently reduce the 
number of catalyst members that are screened for detailed information (such as 
conversion and selectivity or polymer particle size). 

30 Path Y also shows that after the primary scareen 110, members of catalyst or 

product libraries 220,222, 224 that pass the primary screen are sent to a secondary 
screen 112. The secondary screen runs the same reaction of interest mider cx>nditions 
that supply more data than the primary screen. Any of the screens discussed above 
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may be a primary or secondary screen. Another featmre of Figure 2 is a feedback loop 
95 that provides information for the synthesis of new parent libraries or new 
daughtering. The information comes from a post reaction screen 90, a reaction that 
includes a screen 80, a primary screen 1 10 or a secondary screen 112. For example, 

5 the information scat in tlie feedback loop 95 may be catalyst activity, compound 
existence or disappearance, polymer properties or any olher information that comes 
from the screens that are performed. This feedback loop may be such as disclosed in 
U.S. Patents 5,563,564, h^ein incorporated by reference. 

It will be readily apparent to those of skill in the art that the foregoing reaction 

10 and/or screening methods are intended to illustrate, and not restrict the ways in which 
the catalyst or product libraries can be screened for usefiil properties for a reaction of 
interest Othor scre^oing techniques and apparatuses known to those having skill in 
the art may similarly be employed. 

An apparatus or system 500 for researching for novel ligands, catalysts or 

15 products is illustrated in Figure 5. System 500 includes a parmt library 502, a 
combining station 503, a daughtering station 504 (to create one or more daughto: 
libraries 506), optionally a filtering station 508, a reaction station 510, a screening 
station 51 1 and an automated robotic system, represaited by arrows 512 to move 
libraries from one station to another. As used herein a '^station'* is a location in the 

20 apparatus that p^orms one or more frmctions. The fiuactions may be combining the 
starting components, combining ligands with metal atoms, ions or precursors, creating 
a product library via a reaction, screening or any of &e oHicc fimctions discussed 
above. Thus, the station may comprise a liquid handling robot with pumps and 
computers (as known in the art) to dispense, dissolve, mix and/or move liquids from 

25 one container to another. The station may include any of the reactors discussed 

above, and may be in an inert atmosphere glove box. A location in the q)paratus may 
perft>rm multiple ftmctions, but for purposes of discussing the methodology in block 
diagram form, each location or station herein will be referred to as a separate statioiL 
Basically, starting components or parent ligand libraries or metal precursors, 

30 etc. are inputted into tiie apparatus (or retrieved from storage) and sent to a combiiung 
station 503. After combination, tiie product library is formed via reaction at the 
reaction station 510. If screwing does not occur during the reaction, the product 
library is sent to the screwing station 5 1 1 for screwing as discussed above. A 
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daug^tenng station 504 can be inserted into the process to create danght^ Ithraries 
506. As discussed above, when ligands are being combined with metal precursors, 
this takes place at the combining station. Finally, a filtering station 508 may be used 
when solid phase ag^ts are used in the process. 

5 Figure 5 illustrates a block diagram flow for a methodology useful in this 

invention. Starting components or parent libraries may be maintained in storage and . 
retrieved from storage and moved via the handling system 512 to the combining 
station 503. Optional in this process is the daughtering of the parent library at the 
daughtering station 504. Multiple paths are shown from the daughtering station 504 

10 to the combining station 503 to show the possibility that multiple daughter libraries 
are transferred to the combining station 503. The combining station combines the 
starting components together in a predefined manner, using the components, ratios, 
etc. as discussed above. Typically, exiting the combining station 503 is either a 
catalyst library or a combination of components for turning into a product library. 

15 One option is for the results of the combination to go to a filtering station 508. Since 
filtering r^aoves unwanted materials from the library (typically fix>m the catalyst 
library), it may be desirable to daughter the library after filtering, which is 
accomplished at a daughtering station 504 between the filtering station 508 and tiie 
reaction station 510. Thecatalyst library or combination of starting components 

20 proceeds to a reaction station 510, where the product libraiy is formed In other : . 
words, the reaction of interest is run at the reaction station 5 1 0. Process diversity is 
accomplished at tiie reaction station 510 using the reaction options discussed above* 
From the reaction station 510, the product library proceeds to the screening station 
511, where a predetermined screen is run to determine if the reaction of interest was 

25 successful and/or the qualitative or quantitative degree of success of the reaction of 
interest. The screening station may include a single screen or mxxltiple screens (such 
as a primary and secondary screen) and may entail using multiple locations for the 
multiple screens. A feed-back loop 95 is provided that takes screening information 
from either the reaction station 510 (when a reaction that includes a screen is used) or 

30 the screening station 511. This screening information is used at the combining station 
503 for new combinations of starting components or creating new catalyst libraries, 
etc. The feed-back loop 95 may also feed screening information to the starting 
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components or parent libraries or the storage location for new product libraries to be 
created for making a product of interest. 

The system 500 includes a compute or processor based system 514 that 
controls, monitors and^or coordinates the process stqps as well as interaction betW6» 

5 the various stations 503, 504, 508, 510 and 51 1. The "control" system also 

coordinates the movement of plates (parent or daughter) moving in the robotic syst«n 
512. The "control" system 514 also includes computers, processors and/or software 
that a user (e.g., chemist) may use to interact with the system 500. Ideally, the control 
system 514 contains sufficient hardware and software so that it is "user-friendly", for 

10 example so dmt the amount of input by the us« is limited to the essential design and 
process, elements. The control system 514 can comprise a central computer or 
processor to command, control and monitor each subsystem or station or piece of the 
system 500. Alternatively, the control system 514 can comprise an integrated 
architecture with one or more of the subsystems, stations or pieces is a smart system 

15 of its own rigjit Thus, a user of the "control" systan 514 may design a set of 

experim^ts to create a product library, specify the screen of that product library and 
command the system to perform all the chemistry and screening automatically from 
chemicals in storage. 

For example, the "control" system 5 14 may command transportation of a 

20 library plate from storage to a combining station giving instmctions to the combining 
station that specify the types and volumes of diemicals to dispense. Another similar 
example is where similar instructions are used witii a dau^tering statioiL Tlie 
"control" systCTi 514 may also control the robotics 512 to move chemicals to the 
various stations 503, 504, 508, 510 and 511. As a further example, the "control" 

25 systCTi 514 may monitor and control the time that a plate remains at a station or the 
time that a reaction of interest is allowed to run, such as by instructing a robot to add a 
catalyst kiU to reactor vessels at various times. Still further, the "control" system may 
monitor and control a screen, such as by moving a product library to the screening 
station and instructing an auto-sampling robot to sample the product library with 

30 particular solvents for injection and into a molecular wei^t screen. Additionally, the 
"contror system 514 may collect, manipulate and/or store soceening data. For 
example, the "control" system 514 may take data from a scaneen, reduce that data and 
fhsa send the data for storage to a database. The "control" syston 514 can also 
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monitor the system 500 for safety, problems or ofh&c process issues. The "control" 
system may also include the feed-back loop 95, discussed elsewhere. 

For example, robotic system 512 preferably includes an automated conveyer, 
robotic arm or other suitable device that is connected to the "control" syst^ 514 that 

5 is programmed to deliv^ the library plate 502 or daughter plates 506 to respective 
stations 503, 504, 508, 510, 51 1. The processor is progranamed with the operating 
parameter using a software interface. Typical operating parameters include the 
coordinates of each of stations 503, 504, 508, 510, 51 1 in the system 500 as well as 
both the library storage plate and daughter plates positioning locations at each station. 

10 Other data, such as the initial compositions of each ligand modifier, metal precursor, 
activator and the initial compositions of the ligands niay also be programmed into the 
system. 

In some embodiments, a library is stored in a storage plate 502, as more 
clearly seen in Figure 6B. The library storage plate 502 includes a number of wells 

15 604 formed therein that receive vials 606 containing the library members, as shown in 
Figure 6C. Each vial 606 may be provided with a cap 608 having a septum 610 for 
protecting the members whm being stored. An optional lid 612 having latches 614 
shown in Figure 6B for connecting to tiae storage plate 502 may also be provided for 
storage purposes. Figure 6A also shows that the library plate 502 may be stored in a - 

20 rack 620 prior to transfer to the next station, such as a combining station 503 or : 
daughtering station 504. 

In a preferred embodiment, referring to Figure 7, a combining station 503 or a 
daughtering station 504 includes a daughtering robotic arm 702 that carries a movable 
probe 704 and a turntable 706 for holding multiple daught^ plates 506 while the 

25 daugjitering step is being performed. Daughtering robotic arm 702 is movable. The 
robotic system 512 manipulates the probe 704 using a 3-axis translation system. The 
probe 704 is movable between vials of ligand modifiers, metal precursors, and 
activators arranged adjacent the synthesis station and plate. 

Once the product libraries are created, the robotic handling system 512 next 

30 transports plates to a screening station 511. As this system may be configured to 

perform multiple screening steps using multiple screening techniques, and there may 
be more than one screening station. It is preferred that plates containing the libraries 
each are each receivable in a reactor blocks for the screening operation. Indeed, the 
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plates nmy be the reactor bio(^ that is moved fix)m one st^ As 
disclosed in the copending applications, in one embodiment, the reaction block 
generally contains heating elemeats and taaperature s^ing devices- thermocouples, 
themiistors, RTD*s and oth« similar devices — that communication with a processor. 
5 The heating elemrats, tCTnperature sensing devices, and the processor comprise a 
tanperature control system that maintains the temperature of each of the catalyst 
library members at a pre-sdected traiperature during the reaction such that the 
catalysts may be analyzed as a function of temperature. 

10 EXAMPLE 

In a dry, nitrogen atmosphere glovebox stock solutions were prepared using 
ligand L-1 having the structure shown below: 



15 




L-1 



L-1 was synthesized from reductive cotq[>ling of 4-(S-nonyl)pyridine using 
Pd/C catalyst at 200 **C. 

l-chloro-l-phenylethane (hminaft« '1-1**) was synthesized by treatment of 
styrraie with HCl and purified by distillatioiL 1-2 was synthesized by reaction of 
20 commerially available divinylbrazene witii HCl, followed by purification by 
distillation. 1-2 had the following structure: 



All other materials were commercially available and were purified using 
25 conventional techniques. 
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Five stock solutions were prepared in a dry nitrogen atmosph^ glo vebox (I, 
n, in, IV, and V), as follows: Solution I comprised 19.8 mg (0.141 mmol) of 1- 
chloro-l-phenylethane (I-l) and 800 \xL (6.98 mmol) of s^ene. Solution II 
comprised 20 mg (0.2 mmol) CuCl, 174 mg of L-1 (0.42 mmol), and 3.33 mL (29.1 

5 mmol) of styrene. Solution III comprised 14.2 mg of 1-2 (0.07 mmol) and 800 \}L 
(6.98 mmol) styrene. Solution IV comprised 14.7 mg (0.105 mmol) of I-l, 10.4 mg 
(0.105 namol) CuCl, 90 mg (0.022 namol) of L-1, and 6 mL (52.4 mmol) of styrene. 
Solution V comprised 10.7 mg (0.0525 mmol) of 1-2, 10.4 mg (0.105 mmol) CuCl, 90 
mg (0.022 mmol) of L- 1 , and 6 mL (52.4 mmol) of styrene. 

10 A 7-row by 12-colunm 84-vessel glass-lined aluminum reactor block array 

with ^proximately 800 \iL volume per vessel was prepared in a drybox under dry 
nitrogen atmosphere and stock solutions I-V were manually distributed to the vessels 
using a metering pipettor, such that elements 1-5 recdved a gradient of Solution I 
(100 |llL, 50 mL, 33.3 |jL, 25 pL, and 20 pL), 100 ^L of Solution n, and a gradient of 

15 excess styrene (0 pL, 50 jiL, 66.7 pL, 75 pL, 80 \xL). Elements 6-10 received a 
gradient of Solution III (100 pL, 50 |iL, 33.3 pL, 25 jiL, and 20 jiL), 100 pL of 
Solution II, and a gradient of excess slyrene (0 pL, 50 pL, 66.7 pL, 75 pL, 80 \\L). 
Elements 11-15 received a gradient of Solution I (100 pL, 50 |xL, 33.3 pL, 25 pL, and 
20 pL), 100 pL of Solution n, a gradient of excess styrene (0 pL, 50 pL, 66.7 pL, 75 

20 pL, 80 pL), and 200 pL of diphenyleth^. Elements 16-20 received a gradient of 
Solution m (100 pL, 50 pL, 33.3 pL, 25 pL, and 20 pL), 100 pL of Solution II, a 
gradient of excess styrene (0 pL, 50 pL, 66.7 pL, 75 pL, 80 pL), and 200 pL of 
diphenylelfaer. Elements 2 1 -50 (a 5x6 array) received 1 50 pL of Solution IV and a 
gradient of dilutions along each row by adding solvent (75 pL, 150 pL, 225 pL, 300 

25 pL, 375 pL, 450 pL) with a different solvent in each row (diethyl carbonate, benzene, 
o-dichlorobenzene, m-dunethoxybenzene, and diphenyleth^, respectively). 
Similarly, elements 51-80 (a 5x6 array) received 150 pL of Solution V and a gradient 
of dilutions along each row by adding solvent (75 pL, 150 pL, 225 pL, 300 pL, 375 
pL, 450 pL) with a different solvent in each row (diethyl carbonate, benzene, o- 

30 dichlorobenzene, m-dimethoxybenzene, and diphenylether, respectively). In this 
fashion an array of 7x12 diverse polymerization reactions were prepared, requiring a 
setup time of approximately 5 hrs. The reactor block array was sealed using a Teflon 
mCTibrane covering a silicon rabb^ sheet compressed with an aluminum plate bolted 
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in place. * 

The reactor blodc array was then heated to 120 for 15 hrs with agitation 
provided by an orbital shaker. The reactor block array was allowed to cool, and to 
each vessel was added THF such that the total volume reached 0.8 mL, and the block 
5 was re-sealed and heated at 105°C with orbital shaking for approximately 1 hr, to 
allow foraiation of homogeneous fluid solutions. The reactor block was then allowed 
to cool. 

Each element of the array was analyzed by rapid manner using the following 
equipment and method: 

10 Figure 4 shows the general layout of the equipment including an eight port 

valve 1210 and a filter 1212. A light scattering detector 1216 and a RI detector 1218 
were used. Samples were injected into tbie 8-port valve, having two 50-^1 mjection 
loops and the system was maintained at a temperature of 36**C. A short 
chiromatographic column 1214 (Polymer Laboratories, 1 1 10-1520, sold as a GPC 

15 guard column) was in-line between tiie filto- 1212 and the ligjht-scattering cell 1216. 
Samples were manipulated widi a sampler 1200 automatically. The sample 1200 had 
a tip 1201 that obtained the polymer sample firom the sample tray 1202. The sample: 
1200 moved the tip 1201 into a loading port 1204 that sent &e sample through the 
transfer line 1206. The system was controlled by a single computer 1222 that 

20 controlled the sampler 1200, loading of the sample via the loading port 1204, as well 
as collecting data from flie light scattering detector 1216 and the RI detector 121 8. 

for each sample was calculated using an algorithm incorporated in the 
analysis software CTrecision Analyze'', version 0.99.031(06/08/97), Precision 
Detectors) accompanying the PD2020. In order to determine points in the 

25 chromatogram repres^ting the baselines of the 1 5 and 90 degree signals and the RI 
signals were first selected Cl^aseline regions"). Linear least-squares £ts of these 
points defined the three baselines. Then, an integration region encompassing the main 
sample peak was chosen. The sofiware fkea calculates based on the SLS and RI 
data and baseline values in this integration region. The calculation was perfomied in 

30 the limit of the radius of gyration^ R,^ being much less than the measurement 

wavelength, and the polymer concmtration in the dilute limit represmting isolated 
molecules. This calculation also used the angular foim*factor, P(0), appropriate for a 
Gaussian-coil molecule, and fitted it to the SLS signals to extract M^. For polymers 
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with M„ 1^ about 10,000 kD, this method determined values of M„ within less 
than 5% of values calculated assuming non-Gaussian-coil forais of P(9). 

Rh is calculated from the difiiision constant of the polymer molecules, which is 
obtained by fitting the photon-photon correlation function to an exponential. The 
5 PD2020 system was designed to allow for measurements of at each time-slice of 
the chromatogram for sufficiently low flow rates. 

Using a programmable robotic sampler, 20 \iL of each reactor were drawn and 
dispensed along with 250 |iL of THF into a polypropylene microtiter plate* 100 pL of 
this diluted sample was drawn and used to load a 50 pL sample loop on an HPLC 
10 injector, followed by rapid light scattering evaluation. During the time of each 
analysis, the step of diluting the next sample was conducted, so that each sample 
injection automatically occurred at 40 sec. intervals. Table 1, below, shows the 
average M^/1000 of the samples derived from flie analysis. 

15 Table 1: 
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4 


5 


6 


7 
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10 


11 


12 




22.2 


35.7 


46.3 


55.8 


63.7 


NR 


NR 


25.9 


47.6 


57.3 


72 


78.2 


Rowl 
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8.65 


15 


22.3 


26.6 


30.4 


NR 


NR 


11.2 


19.8 


33.1 


40.1 


42.9 


3 


28.9 


20.2 


16.6 


12.6 


12 


11.9 


44 


34.3 


29.8 


20.9 


17.6 


i6.4 


4 


38.9 


29.6 


26.1 


24.1 


24.2 


22.9 


56 


51.7 


45 


38.7 


30.9 


27 


5 


47.8 


34.8 


23.6 


18.6 


15.4 


14.1 


59.9 


48.3 


33.7 


25.2 


22.6 


18.3 


6 


40.6 


28.6 


15.3 


12.9 


12 


13.1 


45.8 


20.8 


17.7 


12.3 


13.3 


13.8 


7 


40.3 


30.2 


23.2 


20.9 


19.5 


19.2 


46.8 


37.4 


34.2 


29.7 


28.6 


27.8 



The expected trends of decreasing moleodar weight with increasing dilution, 
and decreasing molecular weight with decreasing monomer to initiator ratio were 
observed. This demonstrates very rapid molecular weight determinations in 
20 combinatorial discovery of optimal catalytic processes. 



It is to be understood that the above description is intended to illustrative and 
not restricted. Many embodiments will be apparrat to those of skill in the art upon 
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reading the above description. The scope of the invention should, ther^ore, be 
determined not with reference to the above desaciption, but should instead be 
determined with refermce to the appended claims, along with the full scope of 
equivalents to which such claims are entitled. The disclosures of all articles and 
5 ref^ences, includitig patent af^lications and publications, are incorporated herein by 
reference for all purposes. 
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CLAIMS 

1 . A metiliod for researching for novel catalysts, conaprising: 
providing a ligand library comprising a plurality of member ligands, each of 

said ligand members having a common scaffold but varying in structural diversity; 
5 forming one or more daughter libraries from said ligand library by taking one 

or more aliquots from one or more member ligands in said ligand library; 

creating one or more catalyst libraries from at least a portion of said daughter 
libraries by adding at least one metal precursor to said members of said daugjiter 
libraries; and 

10 screening at least a portion of said catalyst libraries in a reaction of interest. 

2. The method of claim 1, wherein said ligand library further comprises 
member ligands having two or more different scaffolds so that said daugjiter libraries 
contain members having different scaffolds and varying in structural diversity. 

15 

3. The method of claim 2, wherein a different metal precursor is added to 
said member ligands in the daughter libraries such that the number of difif^ent metal 
precursors added to said ligand library is equal to the number of different scaffolds. 

20 4. The method of claim 3, wherdn there are three different scaffolds in 

said Ugand library. 

5. The method of claim 3, wherein there are four different scaffolds in 
sfaid ligand library. 

25 

6. The method of claim 1 , wherein a first daught^ library and a second 
daughtCT library are formed, at least a portion of said first daughter library being 
combined with a first metal precursor, at least a portion of said second daughter 
library being combined with a second metal precursor, and wherein said first and 

30 second metal precursors are different from one another, so as to create two different 
catalyst libraries. 

7. The method of claim 1, wherein first, second and third daughter 
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libraries are formed^ at least a portion of said first daughter library bdng combmed 
with a first metal precursor^ at least a portion of said second daughter library bemg 
conibined with a second precursor, and at least a portion of said flurd daughta: 
library being combined with a third metal precursor, wherein said first, second and 
5 third metal precin^ors are different so as to create three different catalyst libraries. 

8. The method of claim 1, wherem each daugjiter library has substantially 
the same mCTiber daughter ligands. 

10 9. The method of claim 8, wherein each member daughter ligand is a 

solid. 

10. The method of claim 1, wherein said member ligands of said ligand 
library are solids. 

15 

1 1 . The method of claim 1 , wherem said member ligands of said ligand 
library are dissolved in a solvent. 

12. The method of claim 3, wherein said metal precursors are inorganic 
2a materials. 

13. The method of claim 3, wherdn said metal precursors are dissolved in 
a solvent 

25 14. The method of claim 1 , further including adding at least one ligand 

modifier to at least a portion of said one or more daughter libraries prior to adding 
said metal precursor. 

1 5. The method of claim 1 , fiolher comprising activating at least a portion 
30 of said catalyst libraries by adding an activator to said one or more catalyst libraries 

prior to screeaing said catalyst libraries. 

1 6. The method of claim 14, further including adding different ligand 
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modifi^ to member ligands in said daughter libraries having differ^t scaffolds such 
that the number of difTerent ligand modifiers added to each of said daughter libraries 
is equal to the number of different scaffolds for each member ligand in said daughter 
libraries. 

5 

1 7. The method of claim 1 , wherein members of said catalyst libraries are 
homogeneous catalysts. 

1 8 . The method of claim 1 , wherein members of said catalyst libraries are 
10 supported homogeneous catalysts. 

1 9. The method of claim 1 , wherein said reaction of interest is selected 
from the group consisting of: carbonylation, hydrofomiylation, hydroxycarbonylation, 
hydrocarbonylation, hydroesterification, hydiogenation, transfer hydrogenation, 

15 hydrosilylation, hydroboration, hydroamination, epoxidation, aziridination, reductive 
anunation, aryl amination, polymerization, oUgomerization, C-H activation, insertion, 
C-H activation-insertion, C-H activation-substitution, C-halogen activation, C- 
halogen activarion-ins^on, C-halogen actii^tion-substitution, cyclopropanation, 
alkene metathesis, and alkyne metatesis. 

20 

20. The method of claim 1, wherein said screening at least a portion of said 
catalyst libraries in a reaction of interest includes subjecting said catalyst libraries to 
reaction conditions in parallel using a parallel reactor. 

25 21 . The method of claim 20, wherein said sareetdng is performed in a 

parallel polymerization reactor. 

22. The method of claim 20, wherein said screening is performed in a 
continuous parallel feed reactor. 

30 

23. The method of claim 20, wherein said screening is performed in a 
parallel batch reactor. 
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24. The method of claim 20, wherem said screemng is perfomied in a 
multi-temperature parallel reactor: 

25. The method of claim 20, wherein subjecting at least a portion of each 
5 of said catalyst libraries to reaction conditions yields a product library and said 

method further comprises screening said product library for a property of interest 

26. The method of claim 25, wherdn said property of interest is selected 
from the group consisting of electrical, thermal, mechanical, morphological, optical, 

10 magnetic or chemical. 

27. The method of claim 20, whorein subjecting at least a portion of each 
of said catal3^t libraries to reaction conditions yields a product and said method 
fiirther includes soreening at least a portion of said product library for a compound of 

15 interest 

28. The method of claim 20, whereui subjecting at least a portion of each 
of said catalyst libraries to reaction conditions in parallel includes varying one or 
more of the process variables aoross the parallel reaction of interest, with said process 

20 variables bdng selected fiom the group consisting of amounts or ratios of starting 

components, time for reaction, reaction temperature, reaction pressure, rate of starting 
component addition to the reaction, residence time, reaction atmosphere, mixing rate 
and combinations thereof. 

25 29. The method of claim 1 , wherein said screening includes at least two 

different screening operations including a primary screen and a secondary screen, 
whorein said primary screen sarves to eliminate at least a portion of catalyst library 
members from frirth^ testing prior to performing said secondary screen 

30 30. The method of claim 29, wherein said priiiiary screening is perfo 

by a method selected from die group consisting ofr infrared spectroscopy, infrared 
imaging, Fourier transform infrared spectroscopy, thin layer chromatogrsphy, solid 
phase staining, rapid gel permeation chromatography, nuclear magnetic resonance 

36 



SUBSTITUTE SHEET (RULE 26) 



wo 00/40331 




PCT/USOO/00418 



spectroscopy, depolarized lig^t scattering, rapid thennal analysis, gas composition — 
mass spectrometry, and liquid composition - mass spectrometry. 

3 1 . The method of claim 1 , wherein said screening includes subjecting said 
5 catalyst libraries to a reaction of interest to form a product library and fiirther 

comprising screening said product library for a compound or propaty of interest 

32. The method of claim 1, wherein said screening is performed 
simviltaneously with subjecting at least a portion of each of said catalyst libraries to 

10 reaction conditions- 



33 . The method of claim 3 1 , wherein at least a portion of each of said 
product libraries is screened by a method selected from the group consisting of 
infrared spectroscopy, infrared imaging, parallel polymerization reaction, liquid 

15 chromatography, light scattering, polymer structural testing, polymer melt flow 

testing, polymer property testing, Fourier transform infrared spectroscopy, thin layer 
chromatography, solid phase staining, rapid gel p^meation chromatography, nuclear 
magnetic resonance spectroscopy, depolarized light scattering, rapid tfaomai analysis, 
gas composition - mass ^ectrometiy, and liquid composition - mass spectrometry. 

20 

34. The method of claim 29, wherem said secondary screen is selected 
from the group consisting of a parallel polymerization reaction, liquid 
chromatography, light scattering, polymer structural testing, polymer melt flow 
testing, polymer property testuig, Fourier transform infrared spectroscopy, thin layer 

25 chromatography, solid phase staining, rapid gel p^meation chromatography, nuclear 
magnetic resonance spectroscopy, depolarized Ught scattering, rapid thermal analysis, 
gas composition - mass spectrometry, and liquid composition - mass spectrometry. 

35. A method for researching for novel catalysts, comprising: 

30 providing a ligand library comprising a plurality of member ligands, wherein 

said member ligands have one or more scaffolds that have varying structural diversity; 
transferring said ligand library to a daughtoing station; 
forming one or more daughter libraries from said ligand library by taking one 
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or more aliquots from one or more member Hgands in said ligand library; 

adding at least one metal precursor to at least a portion of said daughter 
libraries to create one or more catalyst libraries; 

transferring said catalyst libraries to a reaction station and performing a 
5 reaction of interest with the members of said catalyst library to form a product 
library; and 

screening at least a portion of said product library for a compound or property 
of interest 

10 36. The method of claim 35, further comprising adding at least one ligand 

modifi^ to at least a portion of said one or more daughtCT libraries prior to adding 
said metal precursors to said at least a portion of said member ligands in said daugjht^ 
libraries. 

15 37. The method of claim 36, furtho* comprising activatmg at least a 

portion of said catalyst libraries by adding an activator to said one or more catalyst 
libraries prior to performing said reaction of interest 

38. The method of claim 37, further comprising transferring said daughter 
20 plates to a combining station, wherein said metal precursors are added to said member 

ligands of said daughter libraries at said combining station. 

39. The method of claim 38, said reaction of interest is performed at a 
reaction station. 

25 

40. The method of claim 39, wherein said reaction station further 
comprises a parallel reactor to subject at least a portion of each of said catalyst 
libraries to reaction conditions in parallel. 

30 41 . The method of claim 40, furtbo: comprising transporting member 

catalysts of said catalyst libraries from a storage plate into said parallel reactor. 

42. The method of claim 35, wherein said product library is screened for a 
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property of interest, wherein said property of interest is selected from the group 
consisting of. electrical, thermal, mechanical, morphological, optical, magnetic or 
chemical. 

5 43. The method of claim 35, wherein said product library is screened for a 

compound of interest 

44. A system for the research or development of catalysts or polymers 
comprising: 

10 a storage area comprising two or more starting components; 

a combining station that receives said starting components and combines said 
starting components in different ratios; 

a reaction station that receives said different ratios of starting components and 
subjects said different ratios of starting components to a reaction of interest in parallel 
15 under reaction conditions thereby forming a product library; and 

a screening station that receives said product library and soreens said product 
library for a compound or property of interest. 

45. The system of claim 44 further comprismg a filtaing station between 
20 said combining station and reaction station. 

46. The system of claim 44 furtti^ comprising a daughterin 
adapted to receive one or more starting components in library form, said different 
ratios of said starting components or said product library. 

25 

47. The system of claim 44 further comprising a transport system for 
transporting starting components or libraries from station to statioiL 

48. The system of claim 44 further comprising a control system for 
30 controlling or monitoring said system. 

49. The system of claim 48, wherein said control system collects data from 
said screening station and stores such data in a database. 
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SO. The system of claim 48 wherein said control syst^ synchronizes the 
movement of libraiy plates from one station to another. 

5 5 1 . A system for researching for novel catalyst libraries, comprising: 

a ligand library storage plate containing a plurality of ligand library member 
ligands, wherein said member ligands have a common scaffold but vary in structural 
diversity; 

a daughtering station wherein a plurality of daughter libraries are formed by 
10 taking one or more aliquots from one or more member ligands of said ligand library; 
a plurality of daughter plates for storing said daughter libraries; 
a combining station wherein metal precursors are added to at least a portion of 
said daughter libraries to create a plurality of catalyst libraries; 

a reaction station wherein at least a portion of said catalyst libraries are 
15 subjected to a reaction of interest; and 

an automated robotic system for forming said catalyst libraries and transferring 
said storage plates and daughter plates between said stations in said syston* 

52. A metiiod of researching for polym«s having a predetermined 
20 property, comprising: 

mixing two or more starting components in a plurality of ratios, 
subjecting each of said ratios of starting components to a polymerization 
reaction in parallel under polymerization conditions to create a polym^ library having 
a plurality of memb^ and, 
25 screening said polymer library for said prop^ty. 

53. The method of claim 52, wherein polymerization conditions are varied 
between two or more of said ratios of starting components. 

30 54. The method of claim 53, wherein the polymerization conditions that 

are varied are selected from the group consisting of amounts of starting components, 
time for reaction, reaction t^perature, reaction pressure, rate and/or method of 
starting component addition to the reaction of interest, residence time, reaction stir 
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rate and/or method, reaction kill rate and/or method and reaction atmosphere. 

55. The method of claim 54, wherein the polymerization condition that is 
varied is the amomit of starting components and said amount is selected from the 

5 group consisting of volume, moles and mass. 

56. The method of claim 55, further comprising daughtering said polymer 
library into two or more daughter polymer libraries prior to said screening. 

10 57. The method of claim 56, wherein a different screening test is 

performed on each of said two or more daughter polymer libraries. 
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